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Abstract
ABSTRACT
Welfare development during industrial era caused a huge need for mobility.
Thus, increases in the number of vehicles have been followed by the construction of
new road infrastructure. However, as the rate of growth in car ownership especially in
big cities was so fast that supply of new road infrastructure fell behind. The capacities
of existing road network become very small. Thus, congestion problems occur and
these problems affect people from many different perspectives. The social and
environmental consequences of building new roads could be far more severe than the
beneficial effects of motorists. Consequently, transportation research is focusing on
using the available infrastructure more efficiently.
Nowadays, information is one of the most popular words. Right information at
the right place at the right time becomes a very valuble source. Development in
technology and the idea to use information in transportation have taken its place in
transportation studies. In this dissertation, we have examined the effects of information
on transportation with two case studies. In the first case study, expressway toll was
considered as information for drivers in Kumamoto City, Japan. In the second case
study, the effects of transit information and its service levels were investigated for the
satisfaction of transit users. The main objective of the study is to identify the
importance of information for the effective usage of transportation.
Traffic has become a big problem in Kumamoto (Japan) because of the large
proportion oftrucks in traffic. Thus, we have thought that converting some ofthe traffic
from ordinary road to expressway, which passes through the city center, could help to
solve this problem. First case study investigates travel behaviors and route choice
decisions ofproduction and freight companies in Kumamoto Prefecture.
In Chapter 2, a route choice model was investigated with the information of
discounted expressway toll. In this model, both Revealed Preference (RP) and Stated
Preference (SP) data were combined and a combined RP/SP model was proposed for
the estimation on route choice decisions of freight and production companies. Modeling
was done in four steps and finally a combined RP/SP model was estimated in two
different forms; linear and non-linear.
In the third chapter, Value of Time (VOT) was studied. As an important
instrument to evaluate transportation projects, VOT was used to evaluate the proposed
models. VOT had been considered as a constant value, however; some studies
investigated the variation on VOT with different factors. In this dissertation, we have
investigated the variation on VOT with different socioeconomic (SE) characteristics.
Considered SE characteristics are mainly company type. Then number of employee
working in the company and the number of vehicles owned by the company were
considered to identify the effects of company size. For this purpose, final route choice
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model was estimated as a non-linear function in which three SE variables were
introduced in four models. Results showed that VOT decreases with increasing travel
time in estimated four models. Calculated values for freight and production companies
are very different from each other. In addition, company size has an effect on VOT.
In the fourth chapter, two route choice experiments were discussed. These
experiments were conducted to identify the effects of toll discount by applying 50%
discounted toll to expressway. The effects of the experiments were identified by
discussing the surveys and traffic counts, which were done before and during the
experiments. Finally, the ability of proposed model to estimate the actual route choice
decisions of considered companies were tested. Results showed that proposed model
could estimate the actual route choice decisions of companies under toll discounts 75%
in average. The estimation results for the second experiment were better, which covers
longer part of the expressway than the first one.
Chapter 5 was prepared to discuss the second case study. In this chapter, effects
of transit information and its service levels in Izmir City, Turkey were investigated. As
the third biggest city in Turkey, Izmir City has a large public transit network.
Metropolitan municipality spends great effort and funds to provide more efficient
public transit service by introducing new transit services. Information could be used as
a tool to improve the service level with less cost. In this case study, we have
investigated the characteristics of transit and non-transit users. Transit information
types and their service levels, which were considered by transit users, were identified in
three different models by using ordered probit modeling. Firstly, model is estimated for
all transit users. Then considering the differences among transit modes, two different
models were estimated. First model for subway and boat users (segment 1), which have
high service quality, and second for bus and dolmus modes (segment 2) which have
poor service quality. There are some differences between the considered information
types with its service levels among segments.
Significant information categories for all transit users are; frequency of the
service, fare information, number of transfers needed, operating hours of service,
information about walking distance to/from the station and waiting times at the stations.
Results showed that some socioeconomic factors effect the satisfaction level of the
transit users such as; income, education level and having a car. Satisfaction levels for
considered two mode segments are different from each other. Especially, the
probability for the not satisfied answer for the hypothetical scenario is different.
Probability of dissatisfaction for bus and dolmus users is higher.
This dissertation investigates the effects of information on transportation with
two different case studies in two different countries. Results of the both case studies
proved that information has a significant effect for the effective usage of current
transportation network and systems.
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Introduction
1. INTRODUCTION
1.1 Background
Movement of people and/or goods has an important part in nowadays life. In the
beginning of 1900s with industrialization, movement of goods and people had started to
increase rapidly. In order to engage some activities such as leisure, going to school or
work, and shopping, people need transportation. In addition, raw materials are carried
to factories and consumption goods are delivered to shops. All these activities need a
complex transportation network.
Transportation takes places in three different modes. The history of two of them
is very old; sea and land transportation. The development in technology and science
added air transportation as the third alternative. Considered transportation mode in this
study is land transportation. Land transportation was done on foot or with some animals
such as horses, thus, transportation infrastructure was not necessary. However, the
introduction of steam power brought the development of trains and railways.
Afterwards the introduction of diesel engines and then automobiles had changed this
situation. The mobility and practical usage of vehicles forced the governments to
introduce large road networks. However, it was not until the 1950s that the price of the
car became affordable for many households. Since then, the rate of growth in car
ownership has been immense (Emmernik, 1997).
Welfare development during industrial era caused a huge need for mobility.
Thus, increases in the number of vehicles have been followed by the construction of
new road infrastructure. However, as the rate of growth in car ownership especially in
big cities was so fast that supply of new road infrastructure fell behind. The capacities
of existing road network become very small. Thus, congestion problems occur and
these problems affect people from many different perspectives. The solution seems not
complicated and easy. Adding new road networks or improving old ones could solve
the problem. Conversely, the solution is more complex then it seems. The main reasons
that make this problem so complex are:
I. Governments and local municipalities could not afford to introduce new road
infrastructure. It is very costly and such problems as immigration to cities from
rural areas and rapid increase in motorization cause a huge need for such
infrastructure.
II. The current condense structure ofmost developed cities do not allow a physical
room for expanding current roads because there is no land to introduce
infrastructure.
III. Land is a scarce resource in urban areas. It can be used more effectively for
other purposes.
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IV. New infrastructure is adding new pages to environmental problem lists.
The recent studies show that there is another solution for this problem which is
not as costly as introducing new infrastructures. The social and environmental
consequences of building new roads could be far more severe than the beneficial effects
of motorists (Mogridge, 1990). Consequently, transportation research is focusing on
using the available infrastructure more efficiently (Horn et al., 1995, Rienstra et al.,
1996).
Funding transportation infrastructures has a big portion in government budgets.
In addition, maintenance such as repair and service cost needs a special budget every
year. Road infrastructures also cause direct and indirect environmental problems.
Disturbing the environment and natural life is one of the biggest damage caused by new
roads. On the other hand, in a completely transport-dependent society, the overriding
role of transport in the nation's economic and social development is to continue the
levels of service that have contributed to the economic progress up to date.
Transportation policies need to be aimed directly at supporting national and community
goals. National goals that can be substantially aided by transportation include
increasing industrial productivity, promoting energy efficiency, facilitating trade,
upgrading the cities, protecting the environment, guiding urban growth, and exploiting
the opportunities conferred by the global economy. In short, transportation is one of the
locomotives of economy. Without transportation, economic development cannot go
further thus governments spent great effort to solve such problems. These goals must
also consider environmental and social impacts and techniques used to decrease those
impacts.
As the discussed problems above suggest that effective usage of available
infrastructure is one of the most suitable and realistic ways to solve such problems.
This study is focused on importance of information and information systems for the
effective usage of available infrastructure and transportation items.
a) Information on transportation
The definition of information is very large; it has many meanings depending on
context, but is as a rule closely related to such concepts as meaning, knowledge,
instruction, communication, representation, and mental stimulus. The word
"information" is used many times nowadays; every body is looking for some
information for something. The internet search on the word information finds around
13 billion results.
The increasing education level of the human being makes him information
dependent. In daily life, we are looking for information for everything such as political
or economic information, information about weather, information about the sales in the
supermarket. When we decide our trips, which has become a necessary and big part of
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our lives, we search for information as well. Since time spent for transportation become
longer and costly, people have been focused on their trip decision more carefully.
Information for transportation takes an important role on the trip decision
process of travelers. People consider information on transportation more then before.
Some factors made information important and valuable for transportation such as:
• With the increasing education level, people would like to be informed more for
everything which affects their lives.
• Busy city lives makes travel timesaving more valuable, because time spent for
travel is increasing with congested conditions.
• Increased economic welfare increases the comfort level of people thus; they are
looking for comfort in their trips.
• Development oftechnology allows people to reach a wide range of information
from everywhere and every time.
• In addition, increasing travel costs force people to reduce their travel costs.
In this study, we have focused on how the trip behaviors are affected by
information related with transportation. Two different case studies were conducted with
two different aims to investigate the effects of information on travelers' (decision
makers) decision process.
In the first case study, information about expressway toll was investigated on
the route choice decisions of freight and production companies in Kumamoto City,
Japan. In this case study, expressway toll is considered as an important information for
the considered companies. We have investigated that if the toll would be decreased
50%, would it have an effect on the route choice decisions of freight and production
companies.
In the second case study, the affects of transit (public transit) information and its
service levels were investigated on the satisfaction of the transit users from the current
service conditions. This study focused on the transit information and its service levels.
The satisfaction levels of the transit users were investigated by considering the different
service levels of available transit.
1.2 Applied methodologies to the case studies
Investigating the effects of information on both route choices of the companies
in Kumamoto City and effects of transit information and its service levels in Izmir City
some concepts and methodologies were considered.
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a) Revealed and stated preference data and combining both data
In most cases, Revealed Preference (RP) data are used in route choice analysis.
RP data are choices made under real situations. For instance, actual route choice
decision from one destination to another with information about attributes of each
alternative route can be classified as RP data. It is based on actual market behavior and
may not directly predict responses to new or improved alternative attributes. More so,
employing RP survey require higher costs due to large number of sample needed and
often not enough information is available for the group of options due to the problems
of correlation of attributes or small variability (Ortuzar, 1998).
Stated Preference (SP) data are commonly used when alternatives are not yet
present. It can measure not-yet existing travel modes, or how people take actions in
adopting new policies (toll pricing, introduction of new mode or road). Introduction of
SP data based alternatives may avoid costly actual implementation and provide
important sensitivity analysis before actual policy implementation, because new
alternatives in transport policy are often highly visible and would require a lot of time
and cost. Generally, there is no opportunity to evaluate actual responses for a policy
implementation through the collection of RP data. Stated preference experiments help
to collect data about situations which are not present at the moment. Thus, SP data has
been used intensively in recent transport research.
Both RP and SP data types have their own advantages and disadvantages. The
point is some of the disadvantages of RP data are the advantages of SP data. Some
researchers in different fields recognized this idea and they tried to combine these two
data types. In the field of marketing and transportation some studies were conducted to
combine two data types to estimate more efficient models (Ben Akiva, Morikawa, 1990;
Swait and Louviere, 1993; Bradley and Daly, 1997). Simultaneously, these methods
were used in the field of environment (Cameron, 1992; Adamowiccz, Louviere, and
Williams, 1994). The combination of RP and SP data seeks to exploit the contrasting
strengths of the various approaches while minimizing their weakness.
b) Discrete choice models
A discrete choice model is an econometric model in which the actors are
presumed to have made a choice from a discrete set. Discrete choice models describe
the choices of individuals among a set of alternatives. The definition of individuals
covers individual decision makers or a group of decision makers. Discrete choice
models are broadly used for the analysis of individual choice behavior. Some of the
recent examples of applications to predict changes in demand and market shares are;
choice of travel mode, new product pricing, and choices of any other consumer
products.
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The choice set of alternatives needs to exhibit three characteristics to fit with a
discrete choice framework. First, the alternatives must be mutually exclusive from the
decision maker's perspective. Each alternative must be exclusive in the alternative set
and the decision maker must choose only one alternative. Second, the set of alternatives
must cover all possible alternatives that can be chosen by decision maker. The last one
is the number of alternatives must be limited in discrete choice models.
Discrete choice models have been used for many years in many different fields.
Transportation related first studies were binary choice of travel mode (Warner, 1962;
Lisco, 1967, Stoper, 1969). Stoper and Lisco (1970) studied policy sensitive models for
predictions of the market share. After 1970s, discrete choice models were studied in
many fields in transportation. Some examples are the choice of mode for travel to work
(Atherton and Ben-Akiva, 1975; Daly and Zachary, 1979).
c) Road-pricing
Since the development in automobiles with the development of mobility for
both goods and people, there have been some problems in transportation networks
depending on congestion. With the increasing road networks and car ownership road
transport will continue to service a major share of both passenger and goods market. As
the symbol of the freedom and mobility, automobiles will serve to people at least for
the next decades.
Increased use of automobiles caused many problems, congestion in urban areas
is one of the most negative effects and brings some others such as noise, accidents,
emissions so on. To tackle this, charging for the individual use of the road is an
increasing solution. Charging could appear in many forms. It may be indirectly related
to road use, as is the case with annual license fees or gasoline tax. Generally, the term
road pricing is used for direct charging rather than indirect charging.
Road pricing means that motorists pay directly for driving on a particular
roadway or in a particular area. Road pricing has two main objectives:
I. Funding transportation programs: Road pricing is used as an efficient revenue
generation method for transportation projects.
II. Congestion management: Road pricing can be used to reduce peak-period traffic
for efficient usage of transportation network. In addition, it helps to solve other
transportation related problems such as emissions, accidents, etc.
Seven road-pricing categories can be counted. Some provide revenues, some
reduce peak-period congestion, some reduce total traffic impacts (congestion, pollution,
accident risks, road and parking facility costs, etc.), and some help achieve a
combination of objectives these categories are (TDM Encyclopedia):
Chapter 1
1) Road tolls: Such as fixed rates for expressways or bridges.
2) Congestion pricing: A fee that is higher under congested conditions than
uncongested conditions.
3) Cordon fees: Fees charged for driving in a particular area.
4) Hot lanes: A high-occupant-vehicle lane that accommodates a limited number
of lower-occupant vehicles for a fee.
5) Distance-based fees: A vehicle use fee based on how many miles a vehicle is
driven.
6) Pay-As-You-Drive insurance: Prorates premiums by mileage so vehicle
insurance becomes a variable cost.
7) Road space rationing: Revenue-neutral credits used to ration peak-period
roadway capacity.
One of the most common categories used in the world for the listed objectives is
road tolls. For many years, governments then governments and private companies have
been funding highway and bridge improvements by the funds collected by tolls. Such
tolls are a fee-for-service, with revenues dedicated to roadway project costs. This is
considered more equitable and economically efficient than other roadway improvement
funding options which cause non-users to help pay for improvements.
As discussed above, increasing demands due to development sprawl and the
high costs of investments in infrastructure building forced governments to increase tax
collections to allow for appropriate funds for financing infrastructure projects. In Japan,
the 1956 Law Concerning Special Measures for Highway Construction was legislated
to introduce toll road system to compel costs on expressway users to finance
infrastructure investments.
Road pricing as a toll used for revenue generation and congestion management,
not all the time hit all the targets. As an example, a fixed road toll may do little to
reduce congestion if alternative routes and modes are poor, but it may provide
significant congestion reductions if transportation alternatives are relatively attractive,
and thus, a modest fee will cause a relatively large mode shift.
In Japan, the alternative ordinary roads to tolled expressway is poor and always
crowded. In addition, road tolls in Japan are very high compared to other countries.
Refers to Table 1.1.
High toll rates and poor alternative ordinary roads force us to consider the
available toll rates for more efficient transportation in Japan.
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Table 1.1 Average toll rates on various
Country (project)
Malaysia (North-South Expressway)
China (Guanzhou-Shenzhen Superhighway)
Colombia (Buga-Tulua Highway)
USA(Sr-91)
Mexico (Mexico City-Toluca Toll Road)
Japan (Kyushu Expressway)
projects JPY/km
Toll(JPY/km)
3.4
5.6
11.2
2.3-17.9'
22.4
25.8
* varies depending on time
d) Transit information systems
Transit Information Systems (TIS) is the application of Advanced Traveler
Information Systems (ATIS) into Public Transit. ATIS is the common name of
technologies that provides traveler with information about travel options, times, delays
and/or congestion. ATIS provides information both for transit users and car users. The
application ofsuch information into public transit concept is called TIS. The aim ofTIS
is providing the right transit information, at the right place, at the right time to the
available and/or possible transit users. The challenge is defining the right information
from both an operator's and a user's perspective and delivering that information where it
can be used in a timely fashion.
Transit information systems provide passengers with information on one or
more modes of transportation service to assist decision maker. This assistance can be
before the trip (pre-trip) or while already traveling (en-route). En-route transit
information can help the users to make their decisions about their trips on the way or at
the stops/stations (wayside) or while they are traveling on the train/bus (in-vehicle).
Basically, information can be provided to the trip maker anywhere starting from his/her
decision process at home to reaching the final destination.
Transit information systems can provide real-time (dynamic) information and/or
static information (schedules, fares, etc.). Development of technology brings
development in transit information systems. Many technologic devices are used for this
purpose. Nowadays there is a huge set of technologies and media available to distribute
transit information systems such as; TV, internet cell phones etc. In addition, traditional
techniques are still in charge and effective to deliver transit information as; newspapers,
radio, printed schedules.
1.3 Objectives of the study
Information technologies and information itself are one of the promising
solutions for more effective usage of current transportation systems with less cost. The
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main objective of this study is to investigate the effects of information for more
effective usage of available infrastructure and transportation systems.
In the first case study, effects of expressway toll discounts on route choice
decisions of freight and production companies were investigated. For this purpose,
revealed and stated preference data types were combined in a model and effectiveness
of the combined RP/SP route choice model was tested with information of discounted
toll. In addition, the variations on value of time with three different socioeconomic
characters were investigated. Proposed combined RP/SP models' estimation reliability
and applicability to real conditions were tested by using data collected from route
choice experiments.
In the second case study, firstly, differences in the characteristics of transit and
non-transit users were investigated in Izmir City. The main objective of the study is to
identify important transit information which effects the satisfaction level of transit users
with their service levels. In addition, socioeconomic factors, which affect this
satisfaction level, were clarified. Finally, transit users were divided into two mode
segments; better service quality with more information and less service quality with
less information. There are some significant differences between the segments thus,
considered information types and their service levels were investigated separately for
these segments.
1.4 Outline of dissertation
This dissertation consists of six chapters. In Chapter 1, the history of
transportation problems and the role of information to solve these problems are
discussed. Then, the concepts and methodologies used in the case studies and the
objectives ofthe study are presented.
In Chapter 2, a route choice model with information of discounted expressway
toll was proposed for freight and production companies. In this route choice model both
revealed and stated preference data were combined. Final model was proposed in linear
and nonlinear forms.
In Chapter 3, a brief review was done about value of time concept. Then, value
oftime for the estimated models in the first case study was calculated. The variation on
the value of time is investigated by considering three socioeconomic characteristics in
four models.
In Chapter 4, two route choice experiments and findings from these experiments
were introduced. Later on, these experiments were used to verify the proposed model
structure for route choice. Reliability of estimated route choice decisions of freight and
production companies were tested with these experiments. Finally, data used in the pre-
survey and data from route choice experiments were combined in three pooled data sets.
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Transferability of the proposed model to the actual conditions were tested with these
pooled data sets.
In Chapter 5, effects of transit information systems on the satisfaction of transit
users were investigated. Differences between the transit and non-transit users were
presented. Most important transit information types and their service levels were
identified for transit users. In addition, which information sources are considered to get
transit information was investigated. Finally, transit users were divided into two
segments depending on the service quality of transit mode which they were using.
Considered information types and their service levels were investigated separately for
these segments.
Brief conclusion is given at the end of each chapter. All the results obtained
from five chapters are summarized in Chapter 6. Importance of the study and proposals
for future works are cordially stated.
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2. A COMBINED RP/SP ROUTE CHOICE MODEL WITH
INFORMATION OF EXPRESSWAY TOLL-CASE STUDY 1
2.1 Introduction
Kumamoto is the third biggest city in Kyushu Island with a population of
656,096 and number of vehicles of around 289,000. Because of traffic accidents, traffic
congestion and air pollution due to vehicle emissions, traffic becomes a big problem in
Kumamoto City. In order to solve this problem, the Local Government of Kumamoto
Prefecture decided to carry out a social experiment which intends to convert ordinary
road traffic to expressway through toll pricing.
Expressways, as a part of road network, should normally ensure public benefits
by decongesting local road networks and provide more reliable travel time without any
fee. However, increasing demands due to development sprawl and the high costs of
infrastructure investments forced governments to impose tax collections to allow for
appropriate funds to finance infrastructure projects. In Japan, the 1956 Law Concerning
Special Measures for Highway Construction was legislated to introduce toll road
system to compel costs on expressway users to finance infrastructure investments. Toll
pricing policies must provide equilibrium between people's welfare and financing
requirements of infrastructure investments.
The target respondents in this study are mainly freight and production
companies within Kumamoto Prefecture. These companies' vehicles are usually trucks
that cause more traffic problems than the private cars. However, they do not use
expressway because of budget constrains. For this reason, route choice decisions and
travel behaviors of freight and production companies are investigated in this study.
Analysis of expressway demand should be done based on users' and potential
users' behavior. Discrete choice analysis of road users' route preference between
expressway and ordinary road options are effective methods of observing choices based
on alternative attributes and road users' inherent socioeconomic characteristics. In most
cases, revealed preference data are used in route choice analysis. RP data are choices
made under real situations. For instance, actual route choice decision from one
destination to another with information of attributes of each alternative route can be
classified as RP data. It is based on actual market behavior and may not directly predict
responses to new or improved alternative attributes. More so, employing RP survey
require higher costs due to large number of sample needed and correlation of attributes
or small variability (Ortuzar and Iacobelli, 1998). Stated preference data or choices in
hypothetical situations can respond to improving alternative set. SP data are commonly
used when alternatives are not yet present. Introduction of SP data based alternatives
may avoid costly actual implementation and provide important sensitivity analysis
before actual policy implementation. Combining RP and SP data to take advantage of
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prominent feature of each data type is another approach currently employed in discrete
choice analysis (Ben-Akiva and Morikawa, 1990; Bradley and Daly; 1997). In this
study, a modeling approach to combine these two types of data is investigated.
Data used in this study consist of route choices between ordinary road and
tolled expressway. In addition, to study demand sensitivity with respect to toll, SP
survey was done to determine shifting tendency of ordinary road users provided
decrease in toll. Finally, RP and SP data were combined in a model. The main
objectives of the study are:
• to provide the effective usage of expressway by toll pricing policy,
• to identify route choice behavior of freight and production companies
separately,
• to test the effectiveness of combined route choice model by using RP and SP
data, with information of discounted expressway toll.
2.2 Conducted surveys
During the study three main survey attempts were done. First one was a route
choice survey which was conducted to freight and production companies. Afterwards,
two route choice experiments were conducted on Kyushu Expressway. These
experiments are very valuable to evaluate the situation before the actual policy
implementation. Verification of the estimated models was done with these experiments.
However, these results are not discussed in this chapter, the specifications and results of
these two experiments will be discussed in Chapter 4. The route choice survey will be
discussed in detail in this chapter.
2.2.1 Route choice survey
A mailed route choice survey was conducted to freight and production
companies within Kumamoto Prefecture. The aim of the survey is to collect data for the
future toll policy's decisions to convert traffic from ordinary road to expressway. In the
survey, route choice decisions and conversion characteristics of freight and production
companies were investigated under different discounted toll levels. A total of 150
questionnaires were delivered, 50 to production and 100 to freight companies. Finally,
32 of them from production and 39 from freight companies were collected. The
response rates are 64% and 39% for production and freight companies, respectively.
Survey was conducted from 25th November to 5th December, 2003.
Questionnaires in the survey have three main parts; socioeconomic characteristics and
general attitudes, revealed preference data and stated preference data. In the survey
design, the area is divided into six zones under three directions; north, east and south
inside the prefecture:
16
A Combined RP/SP Route Choice Model with Information ofExpressway Toll-Case Study 1
• North direction - Tamana/Arao and Yamaga/Kikuchi,
• East direction - Ozu/Aso and Mifune/Yabe,
• South direction - Yatsushiro and Amakusa/Misumi.
The location of the zones and interchanges on the Kyushu expressway are
indicated in Figure 2.1.
Two different kinds of questionnaires were prepared for freight and production
companies. The questionnaires are similar except some small details. In the
questionnaires for production companies, questions about the route choice were asked
in two different sheets for cars and trucks. Thus, route choice decisions of trucks and
cars were obtained separately. The answers given for the trucks were considered for
both company types.
a) Socioeconomic characteristics and general attitudes
Questionnaires start with drawing name, address and telephone number of
companies. Then, number and types of vehicles and number of employees working in
I YUUfiJV 1
i
Figure 2.1 Study area.
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the company were asked to identify the socioeconomic characteristics of the company.
In addition, companies were asked how many of the vehicles have Electronic Toll
Collection (ETC) equipment.
When the companies were asked of usual trip or destination directions in their
business trips, it is found that the biggest portion of the freight companies' trips is
inside the prefecture (43.5%) while the biggest chunk of production companies' trips is
within Kyushu Island (41.2%). Figure 2.2 refers.
Business trips of Production
Com.
41.20%
29.40%
29.40%
Business trips of Freight Com.
33.80% 43-50%
22.70%
D Inside Kumamoto
Pref.
■ Out of Kyushu
D Inside Kyushu
Figure 2.2 Business trip directions of companies.
Route choice decisions on daily business trips were found to be mainly that of
the driver most of the time (74%). When the companies who usually use ordinary roads
were asked "Why you do not use expressway instead of ordinary roads?", most of the
production companies (45.5%) answered "Using expressway does not shorten our
travel time". The common answer of freight companies for the same question was high
expressway cost with 42.9%.
Companies were asked to rank five factors, 1-most important to 5-less
important, affecting route choice decisions which include travel time, travel cost, wider
roads, less pedestrian, and reliability of travel time. Travel time was the most important
factor for both companies. Reliability of time, on the other hand, was the second most
important factor for the production companies; however, this factor was cost for freight
companies. Results of this evaluation are indicated in Figure 2.3.
Freight and production companies were likewise asked if they would change the
route usually used when heavy congestion occurs. Responses are presented in Figure
2.4. The most common answer is that drivers sometimes change their route.
b) Revealed preference data
The second part of the questionnaire was designed to collect RP data. RP data
are mainly used in route choice analysis. RP data are choices made under real
situations. For instance, actual route decision from a certain place to one destination
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Figure 2.3 Factors which effect drivers' route choice decisions.
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roads.
■ others
Freight Comp.
Production Comp.
Figure 2.4 Decision of companies during congestion.
with attributes of alternative routes can be classified as RP data. It is based on actual
market behavior and may not directly predict responses to new or improved alternative
attributes. More so, employing RP survey require higher costs due to large number of
sample needed and often not enough information is available for the group of options
due to the problems of correlation of attributes or small variability (Ortuzar, 1998).
RP data includes only existing alternatives and require defining the choice set
and calculating level of service information for the non-chosen options. Moreover,
variables such as cost and time are often correlated. Further, it has been demonstrated
that RP data are not measured with a high level of precision, model structures and
functional forms which would be appropriate with a fully disaggregate data set may not
be selected leading to unknown bias in forecasting (Daly and Ortuzar, 1990).
In the RP part of the questionnaire, first, a background page was shown which
includes a map of Kumamoto area with zones same as in Figure 2.1. Then, companies
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were asked to draw actual routes taken for various destination routes. Each company
was asked to indicate on the map three routes which was chosen and shown depending
on the company's location. Travel direction zones are different for each company.
As an example, a company located at Yatsushiro area was asked to indicate the
routes when traveling to clients in Tamana/Arao, Yamaga/Kikuchi and Ozu/Aso areas.
Thus, each respondent can have maximum three different routes. Based on the
indicated route on the map, attributes of route chosen and most appropriate alternative
route were considered for each trip. For example, if ordinary road was chosen, an
alternative route which uses expressway was created and travel attributes as distance,
travel time and toll were calculated. Distances are calculated on the map and travel
times are calculated with the help of HI 1 national census of travel time in Japan roads,
normal travel times were used, not the peak hours.
The actual routes of companies according to road type depending on the route
mapped are indicated in Figure 2.5. It is obvious that freight companies are mostly
ordinary road users, but, it is opposite for production companies.
\\7.5°A
2.5°/
3.0°/
$2.5°/
1)7.6°/
production
comp
Freight All users
comp.
■ exp. way
Dord. road
Figure 2.5 Expressway usage rates of companies.
c) Stated preference data
Stated preference methods are used to estimate the demand for new policy
implementations or introduction of a new road or mode. Policy implementation or
introduction of a new road is presented by the help of hypothetical scenarios. Basically,
SP approach is based on answers to hypothetical choice situations. This method has
attracted increasing attention in transport studies since the end of 1970s, especially, in
travel behavior research. The term stated preference is used within transport studies to
refer a wide class of methods based on study of individuals in hypothetical contexts
consisting of one or more alternatives that are typically defined in terms of
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combinations of levels of attributes. Thus, SP methods basically differ from RP
methods as RP depend on the observation of actual market outcomes. SP data or
choices in hypothetical situations can respond to improving alternative set. In addition,
SP design has some advantages such as; controlling statistical problems as multi-
collinearity and the lack of variance in explanatory variables and the increased
possibility of including subjective or qualitative factors as explanatory variables
(Hensher, 1994; Kroes and Sheldon, 1988).
SP data are commonly used when alternatives are not yet present. It can
measure not-yet existing travel modes, or how people take actions in adopting new
policies (toll pricing, introduction of new mode or road). Introduction of SP data based
alternatives may avoid costly actual implementation and provide important sensitivity
analysis before actual policy implementation, because, new alternatives in transport
policy are often highly visible and would require a lot of time and cost. Generally, there
is not an opportunity to evaluate actual responses for a policy implementation through
the collection ofRP data.
There has been increasing popularity of SP methods towards greater use of
disaggregate data and analysis procedures. In addition, applied focus of much SP work
has also meant that transport researchers have enjoyed the benefit of much larger and
more representative samples than have been available in many other fields of study
with the advantage of using SP data.
SP data, designed to overcome most RP problems, allow researchers to have
good quality information (the design is under the analyst's control) and better surveys
can be designed since many observations can be obtained from each respondent
(Ortuzar, 1998). However, consideration of hypothetical situations cause some biases
such as; fatigue, reporting bias and non-reporting bias. SP data can be used to identify
three main purposes; estimation of travel behavior under new policy implementation,
valuation of attributes, derivation of preferred transport packages. In this study, it was
used for the first purpose, estimation of route choice decisions under discounted
expressway toll.
Third part of the questionnaire was prepared for SP questions. These questions
were asked to determine at what discount rate the respondent will convert to
expressway from ordinary road. For each route indicated in the map and asked as an RP
data, an SP scenario was added afterwards. In the SP scenario, the part of the
alternative expressway route was shown initially to the respondent which was created
due to the RP part. Then, an indication of time saving by converting to expressway
along with the actual toll was shown including the off-peak and peak period
timesavings. A bidding of discount rate that will attract the respondent to convert
follows. The first bid is a 30% discount rate. A follow up bid of 20% if the respondent
answers yes and 50% discount rate if the answer is no, was asked. Finally, debriefing
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question on eliciting reason for no-no response was added along with the minimum
acceptable discount rate of respondent for conversion.
SP question was designed in such a way that, as an example, a freight company
in Tamana/Arao area and traveling to Yatsushiro area has a corresponding most likely
part of the expressway that will be driven and used in the SP design as shown in Figure
2.6.
In encoding the SP data, minimum accepted discount rate was used. Using this data, a
binary variable that take a value one, if the respondent is willing to convert at a certain
discount rate and the zero, if the respondent wants the removal of toll or expressway
does not match with the trip direction or finds small time saving benefits in converting
to expressway was likewise formed from the data.
Minimum willingness to pay bids of ordinary road users for the expressway toll
are indicated in Figure 2.7 separately for freight and production companies.
2.3 Modeling methodology
Estimation of discrete route choice generally consists of RP data, or individual
choices made given attributes or level of service of alternative routes and inherent
socioeconomic characteristics. These types of data are suitable for eliciting preferences
over new or proposed alternative. SP and RP data each have their own advantages and
EXPRESSWAY TOLL QUESTIONS
■::■■■■:■: From Ueki Interchange to Matsubase Interchange
Ordinary Road
Off-peak About 1.0 hour
Peak About 1.5 hours
Expressway About 30 minutes
If the toll will be decreased 30 percent, will you convert to using expressway?
(¥1150 -¥800)
l.Yes 2. No
,,;.: i
-: How about if the toll will be decreased 20 percent,
will you convert to using expressway? (¥1150 -
¥900)
1. Yes (Finish) 2. No (Finish)
.-;;■:-..:■;- - ■■■,.■" ■;'■
1
How about if the toll will be decreased 50 percent,
will you convert to using expressway? (¥1150-
¥600)
l.Yes (Finish) 2. No
What is the reason why you do not want to convert to expressway?
1 The cost should be reduced as much as possible
2 Time savings benefits is very minimal
3 Others, specify ( )
t
At what toll level will you convert to use expressway?
1. ( ) % discount 2. Toll free
Figure 2.6 Stated preference questions.
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Figure 2.7 Ordinary road users' willingness to pay bids for expressway toll.
limitations with respect to estimation of behavioral parameters of interest (Ben Akiva et
al., 1992; Hensher et al., 1999). It is not possible to collect RP data without
implementing a policy change however, SP scenarios can deal with planned policy
change on people's behavior before the change is implemented. SP methods can
measure how people would respond in various scenarios. SP data are most accurate
when the scenarios are well designed and reflect reality in combination with people's
current behavior. Both RP data and SP data are different in nature and have been used
in different areas. However, these two data types can be combined and combination can
result models that are more significant in advance. In the modeling methodology, both
RP and SP data were considered.
2.3.1 Background for estimation approach
In the estimation process discrete choice models are used. A discrete choice
model is an econometric model in which the actors are presumed to have made a choice
from a discrete set. Discrete choice models describe the choices of individuals among a
set of alternatives. The definition of individuals covers individual decision makers or a
group of decision makers. Discrete choice models are broadly used for the analysis of
individual choice behavior.
Discrete choice models have been used for many years in many different fields.
Transportation related first studies were binary choice of travel mode (Warner, 1962;
Lisco, 1967, Stoper, 1969). Stoper and Lisco (1970) studied policy sensitive models for
predictions of the market share. After 1970s' discrete choice models were studied in
many fields in transportation. Some examples are the choice of mode for travel to work
(Atherton and Ben-Akiva, 1975; Daly and Zachary, 1979).
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The choice set of alternatives, needs to exhibit three characteristics to fit with a
discrete choice framework. First, the alternatives must be mutually exclusive from the
decision maker's perspective. Each alternative must be exclusive in the alternative set
and the decision maker must choose only one alternative. Second, the set of alternatives
must cover all possible alternatives that can be chosen by decision maker. The last one
is the number of alternatives must be limited.
The basic principle of discrete choice models is utility maximization, which
means each individual tries to maximize his/her utility with selecting the alternative
among the available choice set. Thurstone (1927) originally developed the concept in
psychology. Later on random utility approach, formalized by Manski (1977) was more
related with consumer theory. Well known two references for multinomial logit
estimation are McFadden 1974 and 1978 about discrete choice models. The utility
function is a numerical representation of the chosen alternatives from the available set.
The logit model and the hierarchical logit model are obtained by assuming that the
maximized utility function is not totally deterministic, but, contain a probabilistic term
of known statistical distribution. This means utility function is formed from two main
parts; representative components (deterministic part) and the random components
(probabilistic part). This probabilistic term reflects the fact that part of the choice is not
explainable by the analyst for various reasons (information availability, lack of
consumer rationality, imperfect information on the options, etc.).
As mentioned above, it is assumed that the utility of choice option i for
individual n is, Uin, equals to indirect utility function (deterministic part), Vin plus error
term (probabilistic part) sin. The formulation is as follows:
(2.1)
For this case study, indirect utility function can be defined as a function of
deterministic component, i.e level of service (LOS) variables, socioeconomic (SE)
variables, and random term sin representing omitted model elements due to the survey
limitations;
Uin = a, + pLOSin + ySEn + sin (2.2)
Where, or,- is constant, /? and y are parameter vectors to be estimated.
The researcher, who tries to estimate the utility of the individuals does not
observe the utility of the individuals directly but observes some of the attributes of
him/her during the chosen alternative. The error term sin, is not specific for a choice
situation, but, it has strong relation with researcher's representation of choice situation.
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Most of the discrete choice models are derived under an assumption of utility
maximizing behavior by the decision maker (Train, 2003). The joint density of the
random vector for error terms (en) for all choice situations is denoted byffej. Now it is
possible to make probabilistic statements with this function. The probability that
individual n chooses choice / is as follows:
Pm = ?*ob{Vin + sin > Vjn + sJn;j * i)
= ?rob(Vin -Vjn > sin -€Jn;j * i) (2.3)
This formulation shows that the probability that each random term ejn - ein is smaller
than Vin - Vjn. For estimation of discrete choice models, the method of maximum
likelihood is used.
Considering choices between two routes ordinary road (OR) and expressway
(EW), the probability that a respondent n will choose expressway can be denoted by:
<"»
In the formulation, VEW n and V0Rn are indirect utility functions for expressway and
ordinary road, respectively. Using maximum likelihood estimation, parameter vectors
p and y can be estimated. Moreover, other indicators such as value of time (VOT), or
the ratio specifications of the travel time and travel cost parameters can be computed
(Bates, 1988).
The likelihood function can be defined as a function of this choice probability
as follows:
(2.5)
Where kin is one if alternative i is chosen by individual n, zero otherwise. This means if
the individual n chooses alternative i it will be multiplied with the other utilities
otherwise kin will be zero, thus, Pin°= 1.
Another easiest way to write this maximum likelihood function is to take the
logarithms of each probability. The log of the likelihood is commonly used for
optimization, as it has a more tractable form.
(2.6)
n i
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Maximum likelihood estimation is used to calculate the vector of coefficients P
and y, hidden in the utility function in discrete choice models. A searching algorithm
that optimizes the likelihood function performs the actual optimization which
maximizes the probability that the observed values are realized. At this point it should
be stressed that in principle, each individual may have his/her own true vector of
coefficients, whereas the estimation procedure seeks to assimilate these for ease of
estimation. In technical terms, the individuals are assumed to have Independent and
Identically Distributed error terms (IID). This reduces the complexity of the
optimization as spatial integration is substituted by one-dimensional integrals.
2.4 Model structure
In this study, the route choice modeling consists of four steps; segmentation
model, RP route choice model, SP conversion model and finally combined RP/SP
model. As discussed in the route choice survey, data was collected from totally 71
freight and production companies and three routes were asked to each company. If all
the companies were answered three routes to different three directions, the number of
data should be 213 but, some of the companies answered less and also some of the data
had missing parts thus, we had 102 useful data. The structure of the model is shown in
Figure 2.8.
DATA
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(27)
Choice
(75)
RP Ro
( "ff"
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Road (49)
Expressway
(26)
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Not convert
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I
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Figure 2.8 Steps of the estimation.
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2.4.1 Segmentation model
Data segmentation is the division of a sample of data into a number of sub-
samples. The purpose of segmentation is twofold - to get an improved description of
sub-samples of data and hereby data in generally, and to be able to improve the model
forecast, by improved forecasts for sub-samples. Segmentation is used for trip purposes
or income levels in transportation. Some examples can be found for trip purposes
(Nielsen et al., 2000) and for activity types, worker/non-worker (Arentze et al., 2000).
Segmentation model is estimated as the first step of the modeling methodology.
The use of the term segmentation refers to models where sub-models are established for
segments formed on basic criteria. This model is established to divide the respondents
into two groups; ordinary road captive (27) and choice (75). Ordinary road captive
group includes the users who do not want to use expressway even if expressway toll is
free of charge. Choice group covers the users who are using expressway at the moment
and ordinary road users who want to convert under discounted toll. In this study, the
need for segmentation is to improve the estimation results of further estimated models.
Adding the respondents who will always use ordinary road to the estimation will affect
results ofthe later estimated models such as; RP route choice and SP convert models.
In the estimation, three variables are considered as LOS variables and two for
SE variables. LOS variables are travel time and expressway toll as travel cost. These
two variables are the mostly used ones in the estimations. Travel time for expressway is
divided into three parts; from origin to access IC (acc.time), between IC pair on the
expressway (on-exp. time) and from egress IC to destination (eg.time). This ratio was
introduced as one of LOS variables, because some of the companies want to use
expressway but, the access IC is far from the company or the egress IC is far from the
client thus, they do not get the time saving benefit of expressway even if they use the
expressway in their trips. Company dummy variable and number of employees are
considered as SE variables. Company dummy variable helps us to investigate the route
choice decision of freight and production companies separately and number of
employees gives us an idea about the size of company as a socioeconomic variable.
2.4.2 Route choice model with RP data
After the segmentation step, a route choice model was estimated. The main
purpose in this modeling methodology is to establish a significant route choice model,
which counts the effects of toll discounts. The route choice problem involves the
selection of a path between a given origin and destination, when faced with a road
network consisting of many nodes, links, origins and destinations. Ben-Akiva and
Bierlaire (1999) identified three salient characteristics of the route choice problem; the
universal choice set is typically large, not all physically feasible alternatives are
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considered by the decision maker, and alternatives are usually correlated because of
common links. These characteristics represent non-trivial modeling challenges.
This first route choice model was named as RP model because the data used in
the estimation was RP based data. The route choice between ordinary road and
expressway was estimated by binary logit model. This model was established to
estimate the route choice of choice group even the captive group declared to use only
ordinary road under any circumstances. In the model, travel time and expressway toll as
cost, were considered as LOS variables. Numbers of employees working in the
company as an indicator of company size and company dummy variables were
considered as SE variables in the model. Route choice decisions of freight and
production companies are shown in Figure 2.9.
All users
-
Production
comp.
-
Freight comp.
61%
97%
39%
98% 2c
nord. road
D exp.way
0% 20%
40% 60%
80% 100%
Figure 2.9 Estimated route choices with RP data for companies.
2.4.3 Conversion model with SP data
A conversion model was prepared for ordinary road users after the route choice
model. The aim of the conversion model is to identify the conversion characteristics of
ordinary road users under discounted toll. As discussed an SP survey was conducted to
identify the willingness to pay of ordinary road users to convert to expressway. In the
conversion model 80 data was considered. There were only 49 ordinary road users but,
as discussed before, due to the responses for SP questions, a respondent can have two
SP data. As an example, a company can choose to convert under 50% discount but not
to convert under 30% discount. Thus, we had two data, first one is convert with 50%
the other one is not convert with 30% for the same respondent. The companies who
wanted to convert under toll free options were considered as one SP data (not convert
under 50% discount).
Conversion model is estimated to clarify the ordinary road users' conversion
characteristics under different discount levels. Some of the users wanted to convert and
28
A CombinedRP/SP Route Choice Model with Information ofExpressway Toll-Case Study 1
some of them did not because of budget constrains or their routes do not match with the
expressway. Conversion model identifies the number of ordinary road users that will
convert to expressway to take the advantages of the discounted toll. In the model, many
different combinations of variables were tested and finally same variables as route
choice model with RP data were considered. The model estimated that 42 users will
convert to expressway and 38 users will not.
2.4.4 Combined RP/SP model
In previous studies when researchers were considering choice valuation they
chose either one of the methods, revealed and stated preference. Comparison of RP and
SP methods were conducted to determine the validity of SP methods (Cummings,
Brookshire and Schulze, 1986). However, the strength of the RP models are the
weakness of the SP models.
RP and SP data types have their own advantages and disadvantages. The point
is some of the disadvantages of RP data are the advantages of SP data. Some
researchers in different fields recognized this idea and they tried to combine these two
data types. In marketing and transportation studies, some studies were conducted to
combine two data types to estimate more efficient models (Ben Akiva, Morikawa, 1990;
Swait and Louviere, 1993; Bradley and Daly, 1997). In transportation literature, the
typical application is to the choice of transportation modes. The RP data is the current
choice and the SP data involves a future choice among current and new transportation
alternatives. Afterward these methods were used in the field of environment (Cameron,
1992; Adamowiccz, Louviere, and Williams, 1994). The combination of RP and SP
data seeks to exploit the contrasting strengths of the various approaches while
minimizing their weakness. This was described in the study of Louviere (2000) as "data
enrichment" paradigm.
Combined RP and SP data are analyzed with three major classes of econometric
models; discrete choice models, continuous choice models and mixed choice models.
Discrete choice models are the main modeling methodology in combining the
RP and SP data. This study is focused on the estimation of models with discrete choice
models. Generally, discrete choice models are used to combine multiple-choice RP data
with conjoint analysis. Multinomial logit models which assume disturbances are
independent and identically distributed and are commonly used with the pooled data
(Adamowicz, Louviere, and Williams, 1994). The coefficients across revealed and
stated preference data are typically constrained except when various coefficients suffer
from opposite signs. Using dummy variables can solve this problem. When panel data
approaches are studied, they can also be considered with and without constrained
coefficients.
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In recent transportation related studies, combined RP/SP approach is an
attraction for the researchers because of the advantages of using both data types. As an
example, Ortuzar and Iacobelli, (1998) used combined estimation method for the mode
choice between coach and train. Another important application area of combined RP/SP
approach is to study new policy implementations or the effects of new introduced
modes. Cherchi and Ortuzar 2002 study was the impact of new train service, which is
investigated before the service improvement.
The combination approaches of RP and SP data need to care about a number of
econometric issues. Mainly there are four important issues to be considered about the
researchers (Bhat, 2003). These issues are; scale difference between the RP and SP data
type's inter-alternative error structure, heterogeneity effect because of non-observed
data and state dependence effects and heterogeneity in the state dependence.
RP and SP data are different in the nature. Thus, one of the important factors to
consider is the difference in the nature of the stochastic part of the utility function.
Usually RP errors are related to the attributes of the choices (independent variables),
which are collected from actual situations, whereas SP errors are related to the answers
collected from the respondents in hypothetical situations. Thus, it can be assumed that
prediction and estimation errors are same in RP data, but this can not be assumed same
as in SP data (Ben-Akiva, Morikawa, 1990; Cherchi, Ortuzar, 2002). Combining both
data can help to the researcher to estimate better models. However, combining RP and
SP data has some difficulties. As mentioned the main problem in combining the RP and
SP data is the different nature of their errors. The variance of the RP and SP error terms
are different from each other. Still, it is not stated that the variance ofwhich error terms
are bigger, it depends on the empirical context.
a) Framework for combining RP and SP type data
As mentioned in the previous parts of this chapter, to gain the advantages of
both RP and SP data types in the same estimation method, both data are combined. The
direct use of SP choices and/or RP and SP choices in model estimation can cause
seriously misleading results. The key problem is both data types have different types of
errors (Bates, 1988; and Kores and Sheldon, 1980). Generally, RP errors are related to
the attributes of the choices. Whereas SP errors are related to the choices made by the
respondents in the survey, as an example, respondents can not answer questions
properly when the purpose of the survey is not clear or they may lose their patience
when answering too many questions. The SP choices contain more biases than the RP
choices because, biases can arise at any stage and in any situation during the course of a
survey. In SP choices, the conventional utility Uin (an entity n chooses among
alternatives / ) is equal to indirect utility Vin plus some stochastic components rj
representing random taste of respondent (Ortuzar, Iacobelli, 1998; Parumog, Alver,
2004). In discrete conditions, for the SP alternatives following equation follows:
30
A Combined RP/SP Route Choice Model with Information ofExpressway Toll-Case Study 1
Uin=Vin+?jin (2.7)
The traditional utility function used in random utility functions can be assumed same,
conventional utility is equal to indirect utility Vin plus error term s, for RP choices:
U,n = Vln+ein (2.8)
Ben-Akiva and Morikawa (1990) developed a framework for combining the two
types of data considering differences in nature of errors. Two types of data are
considered in the approach; first data type provides direct information about the main
parameters to be modeled and second data type provides additional information about
these parameters (indirect information). This approach is not only appropriate to
combine RP and SP types data but also applicable to combine aggregate and
disaggregate data types. Differences in the errors ofRP and SP data can be denoted as a
function of their variance (<trp,osp ).
ctrp=M2vsp (2.9)
where, p represents scale factor. The utility functions for both RP and SP data are as
follows:
(2.10)
+7*,) = M/»f +rZf+ tiJ (2.11)
In the above utility functions, /? and y, are the parameters to be estimated. A^ are
variables only in RP data and capture effects of situational constraints and other market
conditions on actual choices and if are variables only in the SP data and capture
potential biases. However, Z^ and 2?p choices are same in RP and SP alternatives. The
above formulations can be adapted to this case study to investigate the route choice
between ordinary route and expressway as follows:
^f .f / fi $J (2.12)
HU?! = MK,f + tff) = fi<J}SPLOSsp +.£•) + rS"SE (2.13)
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LOS variables are different and SE variables are same across RP and SP data. In
the formulations 2.12 and 2.13 it can be seen that SE variables are not multiplied with
scale parameter (jj) in the utility function. The reason is SE variables are not SP specific
variables, these variables are same across RP and SP alternatives. They represent the
characteristics ofcompanies and independent from SP errors.
After fixing the difference in the error terms of RP and SP choices with scale
parameter //, it can be assumed that they are independently distributed Gumbel with
zero mean by using a logit type discrete choice model. Computational convenience of
logit models makes it more suitable. These systems of equations between RP and SP
choices for individuals can be estimated using maximum likelihood procedure. Two
estimation methods have been proposed to deal with the nonlinearity problem in the
maximization of the joint likelihood problem since some of the parameters have to be
multiplied by scale factor//. First one is the sequential estimation method proposed by
Ben Akiva and Morikawa (1990), and the second one is a simultaneous estimation
method proposed by Bradley and Daly (1997). For the aim of this study, simultaneous
estimation method will be used.
There is a difference in the error scale. To solve this problem in the model, an
artificial tree structure was introduced (Daly, 1992). Three artificial tree structures were
considered to find the appropriate model for the estimation. In the estimated models
three roots were considered. Expressway (RP) represents the expressway users who
actually use expressway before the discount. Ordinary road (RP) users are the ordinary
road users who use ordinary roads before the discount and do not want to use
expressway after the discount. As it is indicated in the parenthesis these two
alternatives use the RP type data. Expressway (SP) users are the ones who wanted to
use expressway under discounted toll, only this data depends on the SP choices.
Estimated three model structures are indicated in Figure 2.10. Model structure 1
was estimated as an multinomial logit structure. In the model, the root expressway (SP)
is multiplied with scale parameter /*.
In multinomial logit models, IIA property is a very important assumption.
However, in many situations, stochastic part of the utility is correlated and IIA does not
hold. In these situations, more complex model is needed to solve the IIA assumption. In
this case, Generalized Extreme Value Models (GEV) are used. In GEV models the
stochastic part of the utility (error terms) are jointly distributed as generalized
extreme values. This distribution allows for correlation over alternatives and it is a
generalization of the univariate extreme value distribution that is used for standard logit
models (Train, 2003). The main difference between standard logit and other GEV
models is the correlation between the alternatives.
As multinomial logit (MNL) model is the most popular model in discrete choice
models, Nested Multinomial Logit Model (NMNL) is the common one in models with
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correlated alternatives. The nested logit model differs from the standard logit model in
that the error components of the choice alternatives do not necessarily need to have the
same distribution.Thus, the model accounts for the fact that each alternative may have
specific information in its stochastic utility part, which plays a role in the decision
process.
Model Structure I
Expressway (RP) Ordinary road (RP) Expressway (SP)
Model structure II
I/A
Expressway (RP) Ordinary road (RP) Expressway (SP)
Model Structure III
Ordinary Road (RP) Expressway (RP) Expressway (SP)
Figure 2.10 Estimated combined RP/SP model structures.
The second model structure was estimated as a nested structure by separating
ordinary road (RP) and expressway (SP) to a nest with the nest parameter (1/X). In the
nest, two alternatives were considered; ordinary road (RP) and expressway (SP).
Expressway (SP) alternatives are multiplied with scale parameter ju, separately from
ordinary road (RP) in the same nest. In this case, estimation results showed that nest
parameter was not logical and estimation was not significant. Thus, the model failed to
estimate route choice of freight and production companies. Model structure three is the
last estimated model. In this structure, same as the second model, a nested model was
introduced, but, in this case expressway (RP) alternatives were introduced in the nest
instead of ordinary road (RP) alternatives. Table 2.1 shows the estimation results of
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considered three different model structures. Model structure I, II and III are indicated as
RP/SP I, RP/SP II and RP/SP III respectively.
Table 2.1 Comparison of estimated combined RP/SP model structures.
Variable
Constant
Travel time
Cost (expressway toll)
Company dummy (freights, production^)
Number of employee
k
M
Number of samples
Log Likelihood
P2
RP/SP 1
Estimate (t-statistic)
-1.6209 (-1.12)
-0.0190 (-1.84)
-0.0013 (-1.97)
3.6029(2.88)
0.0126(2.03)
0.8509(4.21)
91
-66.06
0.339
RP/SP II
Estimate (t-statistic)
-78.0892 (-0.20)
-0.0216 (-1.21)
-0.0032 (-1.24)
4.4639(2.95)
0.0044(0.57)
-115.187 (-0.21)
2.0198(2.68)
91
-67.16
0.328
RP/SP III
Estimate (t-statistic)
1.3091 (2.67)
-0.0305 (-3.28)
-0.0014 (-2.97)
1.2605(2.96)
0.0030(1.93)
0.0925(0.50)
0.9339(14.93)
91
-63.34
0.367
The second model, RP/SP II failed to estimate the model because the nest
parameter (X) is negative. The other two models are logical, the signs of the estimated
variables are right. When we consider the last model (RP/SP III), the nest parameter is
not so significant however, if we compare the first and third models all parameters are
more significant in the third model and p2 is higher (0.367>0.339). Thus, the third
model was chosen as the most significant and logical one in the developed structures.
The probability functions of each nest are indicated below for model structure
III where, P\ ,P2 and P3 show the probabilities of ordinary road (RP), expressway (RP)
and expressway (SP), respectively.
P, = exp(F,)
(exp(F2 / X) + exp(//F3 / X))'
(2.14)
(exp(F2 / X) + exp(//F3
exp(F2)
exp(F2) + exp(//F3) (2.15)
(exp(F2 / X) + exp(//F3
/ X) + exp(//F3
RP rSPWhere, Vx = v£; , V2 = Vg and ftV, = V*
exp(//F3)
exp(F2) + exp(//F3) (2.16)
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In the estimation process for route choice model with combined RP/SP data,
first the appropriate model structure was decided as discussed above. Then route choice
model with combined RP/SP data was estimated in two steps by using two different
utility functions. In the second step, a treatment of time variable was proposed. Thus,
the utility function became a non-linear function of travel time. In consequence, first
estimated combined RP/SP model will be called as linear and the second one as non
linear models. After this section of the dissertation, route choice model with combined
RP/SP data will be named as combined RP/SP model to make it shorter.
b) Estimation of linear combined RP/SP model
First approach is linear estimation for the combined RP/SP model. Linear
estimation refers to the estimation with linear utility functions. In the estimation, two
types of variables were considered in the indirect utility function. LOS variables were
travel time (tin) and expressway toll as cost (c/n). SE variables were considered as;
company dummy variable (dn) and number of employee (en).
The indirect utility function used in the estimation of linear model is shown
below. In this formulation, Vin is introduced as general indirect utility function for both
RP and SP alternatives. In the formulation, super subscripts (RP and SP) are neglected.
where, a (constant), p\, fa* T\ anc^ Yl are me parameters to be estimated.
Linear utility models are the most common ones in the estimation. However,
non-linear models can be used for specific purposes.
c) Estimation of non-linear combined RP/SP model
Second estimated model was considered as a non-linear model, because utility
functions were non-linear. Two main reasons were considered in the estimation of non
linear model. It is reported that value oftime can change by travel time (Hensher, 2001;
Morikawa et al., 2002) and to identify the relation between VOT and travel time, non
linear model is needed. The second reason is non-linear model allows us to estimate
VOT for freight and production companies separately. In addition, the variation on
VOT was investigated with some SE factors. The estimated data was collected from
freight and production companies and in the estimated models such as route choice
model with RP data the route choice decisions of both company types are different.
Thus, in the non-linear model, first, company type was introduced as a dummy variable
in a power function of time in the utility function to estimate value of time separately
for companies. The indirect utility of non-linear model for both alternatives (RP and SP)
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is introduced together in formulation 2.18 and Sn is shown in formulation 2.19. In the
non-linear formulation below, super subscripts (RP and SP) are neglected.
Vin =a + 0{tfn» + p2cin + yxen + y2dn (2.18)
= 0exp(jZw)
n l + exp(^)
where, 9 is the parameter that we assign (exogenous variable), £ is parameter to be
estimated and Zn is an explanatory variable to investigate the effects of different SE
characteristics and trip attributes introduced in the formulation of Sn.
In the non-linear RP/SP model, the main purposes are to determine VOT separately for
freight and production companies and to investigate the variation on VOT. Thus,
company dummy variable was introduced as Zn\ one for freight companies and zero for
production companies. In addition, to investigate the effects of company size on VOT
some other variables were introduced as Zn. Introduced other variables were; number of
total vehicles owned by the company and number of employee. In non-linear model,
VOT was not constant and changes with time. 0 is used in the formulation of <$, and
therefore results can change by different 6 values.
2.5 Modeling results
In this section, the estimation results will be presented for each model. As it was
discussed, four models were estimated; segmentation model, route choice model with
RP data, conversion model with SP data, and combined RP/SP models.
2.5.1 Segmentation model results
A total of 102 data were used in the estimation of segmentation model and six
variables were considered. The estimation results are indicated in Table 2.2. As
discussed, travel time was divided into three parts in the estimation. If the portion of
access time and egress time in the total travel time is big, respondents likely to be
ordinary road users (captive group). It can be seen from the results that
[(acc.time+eg.time)/on-exp.time] is more significant than travel time in the estimation.
If the access time and egress time are too long, drivers do not want to use expressway,
because they travel on the ordinary road longer and get the time saving benefit of
expressway for a short time in addition pay for toll. Distance between the company
location and access IC is a significant factor that effects the route choice decision.
Company dummy variable is the most significant variable in the model. Freight
companies are more likely to be in ordinary road captive group because their business
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depends on the travel and delivery costs of the products and they have strict budget
limitations. Another reason that freight companies use ordinary road more than
expressway can be the need for many stopovers to deliver parcels on the way. Thus,
they do not consider expressway alternative if the toll is expensive. In the model,
expressway toll plus gasoline cost is considered as travel cost. Gasoline cost is
calculated by multiplying each km with 10 Japanese Yen (JPY). However, in the model
cost and travel time are not very significant variables.
Table 2.2 Results of segmentation model.
Variable
Constant
(acc.time+eg.time)/on-exp.time
Travel time
Cost (expressway toll+gas)
Company dummy (freights, production^)
Number of employees
Number of samples
Log Likelihood
Hit ratio
P2
Estimate
3.9306
0.0579
-0.0136
-0.0005
2.6077
-0.0013
t-statistic
3.50
1.99
-1.03
-1.13
2.44
-1.79
102
-49.98
0.77
0.29
2.5.2 Results of route choice model with RP data
Binary logit model was used in estimating route choice model with RP data. As
introduced, with alternative specific constant, five variables were considered in the
model; two of them for LOS variables and two of them for SE variables. Results of the
estimated model is indicated in Table 2.3.
All variables are significant in 90% except number of employee and cost
variables. Only significant variable in 95% is company dummy variable. Thus, it is
seen that company type effects the route choice decision, however, number of
employees, which was considered as an indication of company size does not have an
effect. Results show that freight companies more likely to choose expressway than
ordinary road in their daily business trips.
2.5.3 Results of conversion model with SP data
Same as route choice model with RP data, in the conversion model with SP data,
binary logit model was used in the estimation. Results of the models are indicated in
Table 2.3 with other estimated models.
In the conversion model, socioeconomic variables are not significant.
Conversion model identifies the conversion characteristics of ordinary road users and
most of the ordinary road users are freight companies. Thus, company dummy variable
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is not significant in the model. Same as route choice model with RP data, number of
employee variable is not significant either in the SP model. Cost is the most sigmficant
variable in the model as it is the most significant factor for conversion. Hit ratios of the
models are high but p2 are low in the estimation.
2.5.4 Combined RP/SP model results
In this section, results of linear and non-linear combined RP/SP models will be
discussed. In both approaches two models were estimated as nested logit structures
different from the estimated other models (segmentation, RP and SP).
In the linear models t-statistic of variables are high (95%). Scale parameter// is
very significant however; nest parameter X is not. The most significant variable is scale
parameter ju and second one is travel time.
Second estimation was done by using non-linear utility function and considered
variables were same as the linear combined RP/SP model. In addition, one more
explanatory variable, Zn was introduced. Same as the linear model scale parameter n is
very significant however; nest parameter X is not. As introduced in the non-linear model
formulation there is a value that we assign. In the model, different 0 values were
assigned and appropriate model was searched by comparing the p2 values and t-
statistics. In the non-linear combined RP/SP model 1, as mentioned X is not significant,
number ofemployee is 90% significant and all other variables are 95% significant.
As discussed different explanatory variables were introduced as Zn and all of
them were considered as dummy variables. In the first step, company dummy variable
was introduced as Zn. Results of estimated linear combined RP/SP model and non
linear model with company dummy variable as Zn are indicated in Table 2.3.
2.5.5 Comparison of estimated models
In the model estimation after the segmentation model, three models were
estimated. In addition, combined RP/SP model was estimated in two steps considering
linear and non-linear utility functions.
In Table 2.3, all models are presented for the comparison. Non-linear combined
RP/SP model 1 is the most significant model from the viewpoint ofp2 values. However,
estimated values in linear model are more significant from the viewpoint of t-statistics
and the p2 value is also high. Both combined models have better estimates than RP and
SP models if compared separately. In the RP model, company dummy variable is the
most significant variable thus, company type has a great effect on the route choice
decision. However, in the SP model it is not significant because SP model considers the
conversion characteristics of ordinary road users, which are mostly freight companies.
Number of employee variable is not significant in both RP and SP models but it is
significant in combined RP/SP models. Number of employee is an indicator of
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company size and it can effect the route choice decision in relation with the companies'
budget.
Table 2.3 Results of estimated models with all variables.
Variable
Constant
Travel time
Cost (expressway toll)
Company dummy (freig.=1, prod.=0)
Number of employee
X
M
0 (assigned value)
z«
Number of samples
Log Likelihood
P1
RP
Estimate(t-stat)
-1.6147 (-1.63)
-0.0225 (-1.53)
-0.0008 (-1.21)
3.2619(4.28)
-0.0005 (-0.65)
75
-31.09
0.402
SP
Estimate(t-stat)
-0.9614(-0.91)
-0.0256 (-1.34)
-0.0012 (-1.94)
0.4023(0.47)
-0.0004 (-0.29)
80
-53.24
0.040
RP/SP
linear
Estimate(t-stat.)
1.3091 (2.67)
-0.0305 (-3.28)
-0.0014 (-2.97)
1.2605(2.96)
0.0030(1.93)
0.0925(0.50)
0.9339(14.93)
91
-63.34
0.367
RP/SP
non-linear 1
Estimate(t-stat)
2.2572(2.16)
-0.4297 (-2.10)
-0.0018 (-2.49)
1.9482(2.24)
0.0038(1.42)
0.1779(0.61)
0.9024(12.35)
1.3
-0.3514(-1.49)
91
-60.11
0.398
In the combined models, some additional variables were added to the estimation.
First one is nest parameter (X). There is a correlation between the expressway (RP) and
expressway (SP) alternatives, while both utilities use same time variables. The
parameter (A) is a measure of the degree of independence in unobserved utility among
the alternatives in the same nest. The statistics (\-\) is an indicator of the correlation
between the stochastic parts of the alternatives in the same nest. The higher values ofA
(smaller values of \-X) means less correlation between alternatives and lower values
means higher correlation. Nest parameter (X) is restricted to be between zero and one
for the model to be consistent with utility maximization for all possible values of the
explanatory variables (Train, 2003). In our nested logit model estimation with
combined RP/SP data, estimation for (A) is close to zero, which shows strong
correlation between expressway (RP) and expressway (SP) alternatives.
Second variable introduced in the combined model is scale parameter (//). As
discussed deeply in this chapter, when combining RP and SP type data, scale parameter
(ji) is introduced for SP alternatives of expressway. In the proposed model structure, SP
alternative was emerged in a nest with nest parameter (1/X) and seperated from the RP
alternatives with scale parameter (ji). Scale parameter is not restricted between zero and
one same as nest parameter. In the nested structure if the value of// is greater than one,
it means that the SP data has less variability in explanatory variable than the RP data,
and vice versa.
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2.5.6 Non-linear combined RP/SP model results
The aim of introducing non-linear model was to identify the variation on VOT.
This formulation also allows identifying the VOT separately for freight and production
companies. As discussed in previous sections many researchers investigated the
variation on VOT. In the first step of non-linear estimation only company dummy
variable was introduced as an explanatory variable in the formulation of Sn.
In the second step, some other explanatory variables were introduced in the
formulation. Finally, the most significant estimation results were presented here in
three additional models. Introduced other variables as Zn were number of total vehicles
and number of employee. Number of total vehicles and number of employee were
considered as an indicator of company size. Both variables were introduced as dummy
variables. If number of vehicles is smaller than 50, dummy variable is one otherwise
zero. Number of employee was introduced as dummy variable, if it is smaller than 100,
dummy variable is one otherwise zero, to investigate the effect of company size on the
variation of VOT. Finally, number of total vehicles with company dummy variable was
introduced together as Zn in model 4 to investigate the effects of company size for
different types of companies. All four variables were introduced as dummy variables.
The results of estimated non-linear models are indicated in Table 2.4. Same as the other
combined models X is not significant. All other variables in all models are significant
(90% significance level) except Zn in third and fourt estimated models. Remember that
estimated values depend on an exogenous variable 0. Most significant models from the
viewpoint of/?2 values are presented in the Table 2.4.
Table 2.4 Results of estimated non-linear models (second step).
Variable
Constant
Travel time
Cost (expressway toll)
Company dummy (freights, production^)
Number of employee
X
M
0 (assigned value)
Vehicle dummy (<50 =1, otherw. 0)
Employee dummy (<100,1 otherw. 0)
Company dummy + Vehicle dummy
Number of samples
Log Likelihood
P1
RP/SP
non-linear 2
Estimate (t-stat.)
2.1500(2.41)
-0.4737 (-2.43)
-0.0022 (-2.73)
1.8357(2.61)
0.0048(1.86)
0.1345(0.71)
0.9246(16.71)
1.3
-0.2259 (-1.50)
91
-60.27
0.397
RP/SP
non-linear 3
Estimate (t-stat.)
2.2621 (2.27)
-0.4641 (-1.96)
-0.0020 (-2.71)
2.1062(1.94)
0.0054(1.34)
0.1932(0.54)
0.8999(11.99)
1.3
-0.3541 (-1.66)
91
-61.11
0.389
RP/SP
non-linear 4
Estimate (t-stat)
3.0527(2.44)
-1.9802 (-1.75)
-0.0026(3.02)
2.6593(2.49)
0.0058(1.76)
0.1899(0.68)
0.9270(17.68)
0.9
-0.2844(1.22)
91
-60.57
0.384
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2.6 Conclusion
This case study examines the trip behavior of freight and production companies.
The effects of expressway toll on the route choice decisions of introduced companies
were investigated with combining RP and SP types of data. Combining the RP and SP
data take advantage of both data types while minimizing the disadvantages and
weakness of each. RP data has the power to present the actual route choice decisions of
companies while SP data helps to clarity respondents' willingness to pay for new
discount rates on expressway toll. However, RP data cannot be used for a new policy
implementation and also it is expensive and difficult to collect big RP datasets. In
contrast, SP data has some biases and does not represent the real conditions.
Estimation was done in four steps; segmentation model, route choice model
with RP data, conversion model with SP data, and route choice model with combined
RP/SP models. Linear and nonlinear utility specifications in combined RP/SP models
were estimated. Non-linear model was introduced to calculate the VOT separately for
different companies and to identify the variation on VOT with travel time. Non-linear
estimation was done in two steps. In the first step, only variation on VOT was
investigated for different company types. In addition, in step two, number of employee
and number of total vehicles were introduced as Zn as an indicator of company size.
Thus, variation on VOT with company size was identified.
Another advantage of the combining RP and SP data is the increased efficiency
of estimation results. As discussed in the comparison of the models, from the viewpoint
of t-statistics linear combined RP/SP model is the best-estimated route choice model in
the estimated ones. In addition, p2 values are higher in non-linear model, but, both
values are close and t-statistics for all variables except nest parameter are more
significant in the linear model. Consequently, combined RP/SP models had better
estimate values than RP and SP model separately.
Estimated models showed that freight companies are more likely to use ordinary
roads. High expressway toll is one of the limitations for freight companies. On the other
hand production companies are mostly expressway users.
Expressway toll policy will help to reduce the traffic in Kumamoto City center.
Certainly, toll policy is not enough to solve the traffic problem in city center, but, if we
consider high expressway tolls in Japan, it will help more than expected.
This study can give an idea to the administrators of expressways. Japan
expressways are under control of Japan Highway, a government company. Government
of Japan decided to privatization of the company by dividing it into several parts. It
would be an important issue for the new owners of the expressway to increase the
income of the company by new toll policies. This can be done by rearranging toll for
the effective usage of expressway.
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3. VALUE OF TIME: EVALUATION OF THE ESTIMATED
MODELS AND VARIATION ON VALUE OF TIME
3.1 Introduction
In this study, the term Value of Time (VOT) is used for Value of Travel Time.
Generally, VOT is the amount of money which is required in order to recover his utility
into indifferent situation from the initial one when the time assigned to a specific
activity is decreased (or increased) marginally from the initial one. The value of time
for vehicles has been evaluated for more than 40 years since it was noted to be an
important part of economic analysis in transport planning. Many researchers in both
engineering and economics fields investigate VOT in transportation.
As discussed in Chapter 2 proposed combined RP/SP model was estimated in
two forms; linear and non-linear. Non-linear model allows us to investigate variation in
VOT for freight and production companies separately. In addition, the effects of some
other socioeconomic variables were investigated. In early studies, VOT was assumed to
be a constant value. However, recent research efforts investigated the variation on VOT
depending on different factors (Hensher, 1997; Wardman, 1998; De Lapparent and De
Palma, 2002; Jiang and Morikawa, 2004).
In this chapter we had reviewed the concept VOT in economics and especially
applications to transportation. Then, we had used VOT as a tool to evaluate the
estimated models. Finally, variation on VOT was investigated for considered
companies depending on the company type and company size. This chapter has two
main objectives:
• to evaluate the estimated models by using VOT,
• to clarify the variation ofVOT mainly with company type and with some other
SE variables.
3.2 Background
The idea of VOT goes back to Becker's (1965) theory of the allocation of time.
There, he assumed that satisfaction of an individual did not come only from goods
consumed directly, but, from the final commodities that uses market goods and time
together (Mackie et al., 2001). The Becker's formulation for his model is as follows:
G,T
G + c = I Budget constraint
T+t = T° Time constraint (3.2)
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In the formulations G is leisure cost, T is leisure time, c is travel cost and / is
travel time. The Lagrange function of the utility and the derivation of the VOT with
first order conditions are as follows;
-T-t) (3.3)
First order conditions,
dL dU= £1 = 0
dT dT
U (3.4)0
dG dG
Lagragian Multiplier for both constrains are // and X as indicated in formulation (3.3).
The formulation of derived VOT for leisure activity is follows;
dU/dG X
Afterward time was introduced to the utility functions for many different studies.
Johnson (1966) incorporates work time into the utility and Oort (1969) incorporates the
travel time into the model. De Serpa (1971) introduced the general concept for VOT for
all activities. De Serpa divides VOT into three parts; Value of Time Savings (VTS),
value of reducing time required spending an activity. Value of Time as a resource
(VTR), value of re-assignment of time to other activities, and Value of Time as a
Commodity (VTC), the value of time allocated to a certain activity. The time allocation
model introduced by De Serpa is as follows;
>T)
I Budget constrain
T+t = T° Time constraint
t>i Time consumption constraint (3.6)
In the formulation different from the Becker's model, a time constraint was added. This
constraint is considered as the minimum requirement for a specific activity (mode or
route). The Lagrangian of the De Serpa's model can be written as follows:
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-T-t) + Kt(t-t) (3.7)
One of the first order conditions, derivate on t can be written as follows
/**, ()ot
Value of travel time savings (VTTS) derived from the De Serpa's time allocation
model;
Kt n \dU
X X X dt
(3.9)
In the above formulation, the first term on the right hand side is VTR, which is
equivalent to the ratio between marginal utility of the available time (/*) and marginal
utility of income (X). The second one is VTC, which is equivalent to the ratio between
marginal utility of the time spent in an activity (dU/dt) and (A). As seen from
formulation (3.9) VTTS is equal to VTR minus VTC. Many studies followed by
researchers based on the introduced theory of Becker and De Serpa. Some recent
studies are; Small (1982) incorporate the scheduling into the model, Jara-Diaz (2000
and 2003) proposed generalized model. Some researchers investigated the variation of
VTTS in discrete choice models. Hensher (1997) assumed last Lagrangian Multiplier
(Kt) as a function of travel time and cost in order to investigate the variation of VTTS
with travel cost and time. Wardman (1998) studied the effects of specific values with
attribute levels and modes. Other researchers on the variation of VTTS (Hensher, 2001;
De Lapparent and De Palma, 2002) spent some other study efforts.
Bates (1987) derived the representative utility functions from the first order
approximation of the indirect utility, he proposed that marginal rate of substitution of
time and cost can be used to represent VTTS in discrete choice models. However, he
assumed cost and time are constant, thus, VTTS is a constant value in his approach.
Based on the time allocation theory introduced by De Serpa (1971) and the
representative utility functions on Bates (1987), Jiang and Morikawa (2004) studied
theoretical analysis on the variation of value of travel time savings. They assumed
VTTS could change with some other factors, such as age, gender, income level and etc.
3.3 Value of time for the evaluation of the estimated models
The value of travel time is probably the most important parameter in a social
benefit-cost analysis and marginal cost pricing in the transport sector. Generally, the
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main part of the economic benefits of a transport project is the estimated values of time.
To evaluate the alternative transportation projects, VOT is used.
In this study, VOT is estimated to evaluate the models and identify the actual
VOT values for freight and production companies. VOT was calculated for each
estimated model; route choice model with RP data, conversion model with SP data and
route choice models with combined RP/SP data.
Basically, VOT is defined as the change in travel time with the utility level kept
constant. The definition defined in formulation (3.5) is used in the estimation of VOT.
As discussed many other studies depend on the theories of Becker (1965) and De Serpa
(1971) to investigate VTTS in commute and leisure trips. However, in this study
business trips of companies were investigated. Generally, the route choice not only
depends on the drivers decision but also the companies policy and budget constrains.
The formulation ofVOT for linear model is denoted as follows;
dU/dG
In the formulation (3.10), Pi is the estimate value of travel time and @2 is the estimate
value oftravel cost as indicated in formulation (2.17).
As discussed in the beginning of this chapter, it is possible to calculate the
variation on VOT. It is obvious that individuals belonging to different socioeconomic
groups has different VOT values. VOT is affected by many factors as listed in Mackie
etal.,(2001):
• The time at which the journey is made,
• The characteristics of the journey (congested, repetitive or free flow),
• The journey purpose(commuting or leisure), the journey length,
• The mode of travel,
• The size of the time saving.
In another study, Jiang M. and Morikawa T. (2003) discuss the effect of some
socioeconomic and personal characteristics as gender, income level and age, and also
trip purpose for the estimation of VTTS.
In this study, we first, introduced the non-linear model to estimate the variation
on VOT with company type as a socioeconomic variable. VOT was estimated for
freight and production companies separately in the non-linear model. For this purpose,
company dummy variable was introduced in the formulation of ^ as a power function
of travel time. Thus, VOT could be estimated for the considered company types,
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separately. Afterwards, some other explanatory variables were introduced. These
variables were; number of total vehicles owned by company, number of employee and
number of total vehicles with company dummy variable. All these variables were
introduced as dummy variables. In addition, non-linear estimation makes it possible to
identify the VOT curve with travel time. The formulation for VOT in non-linear model
is indicated as below.
VOT =
Pi (3.H)
fii is the estimate value of travel time and ^2 is the estimate value oftravel cost.
Different from linear model, in non-linear estimation VOT is not constant and
changes with time. 8n helps to identify the effects of SE variables on the variation of
VOT. Different 0 values were assigned in the estimation and most significant model
from the view point of f} is presented in the results. Due to the assigned value for 0,
VOT can change with a decreasing, increasing or constant function with travel time.
Some of the possible variations are indicated in Figure 3.1. In traditional studies, VOT
is constant and follows a constant line in VOT-travel time graph. However, if the
variation on VOT is considered, many other possible curves and lines can be drawn in
VOT-travel time graph.
VOT ''
Non-linear
Non-linear
Linear
Non-linear
Travel Time
Figure 3.1 Possible variation drawings for VOT.
Calculated values for VOT in each estimated model are indicated in Table 3.1.
Totally seven models were estimated. In three models VOT values are constant, four
models investigates the effects of three SE variables on VOT. To present the variation
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in non-linear models, VOT values were estimated for 30 and 60 minutes, as an
example.
Table 3.1 Calculated VOTs in each model (JPY/min.).
RP
SP
RP/SP linear
RP/SP non-linear 1
Freight company
Production company
RP/SP non-linear 2
Number oftotal vehicles < 50
Number of total vehicles > 50
RP/SP non-linear 3
Number of employee < 100
Number ofemployee > 100
RP/SP non-linear 4
Freight company & total vehicle <50
Freight company & total vehicle >50
Production company & total vehicle <50
Production company & total vehicle >50
30 min. 60 min.
27.86
21.92
21.53
26.80
47.65
30.18
43.61
25.22
45.03
24.83
32.06
33.89
52.47
19.44
37.99
22.51
30.22
18.28
35.34
15.55
21.75
23.15
35.84
Sn
0.65
0.54
0.58
0.65
0.54
0.65
0.33
0.44
0.45
0.45
As we discussed in previous chapter, non-linear combined model was
introduced to identify the variation on VOT. In RP, SP and linear RP/SP models, VOT
for 30 and 60 minutes are same, but, we have different values in estimated non-linear
models with introduced SE variables. Calculated results in RP model are higher among
the constant VOT values (RP, SP and linear RP/SP). Results for SP and combined
RP/SP models are smaller than RP model and similar to each other. In the estimated
models with SP data, SP and combined RP/SP linear models, accepted discounted tolls
were used in the estimation thus, VOT is smaller in these models. In combined non
linear RP/SP model 1, calculated VOTs for freight and production companies are
different from each other. VOT for production companies are higher than those of
freight companies in non-linear models. This is why production companies use
expressway more and because of expensive expressway toll, their travel cost is higher.
In the estimation, Sn values in combined RP/SP model 1 are smaller than 1 for
freight and production companies (Sn <1). In the RP/SP 1, Sn values are; 0.65 for freight
companies and 0.54 for production companies. As seen in formulation (3.11)5» value is
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the key factor to determine the variation on VOT with travel time. If 6n values are
higher than one, VOT increases with time. If it is one, VOT is constant as estimated in
linear combined RP/SP model and finally, if it is smaller than one like our results, VOT
decrease with increasing travel time. As indicated in the formulation (2.18), d» values
are introduced as a power function of travel time and if it is different from one, it shows
that the introduced variables into the formulation of 4 has an effect on travel time, with
another saying individuals which has the introduced characteristics or socioeconomic
levels are more sensitive to travel time change than the others. In our study, the d\
values for production companies are smaller that they are more sensitive to variation in
travel time than freight companies. In addition, this result is parallel with the
segmentation and route choice model results, because production companies use
expressway, which has shorter travel time but higher cost.
In non-linear combined RP/SP model 2 and 3, number of total vehicles and
number of employee variables were introduced as an indicator of company size. Both
models support that VOT increase for higher numbers of employee and vehicles. These
results show that bigger companies choose expressway more than small companies.
Company size has an effect on route choice decision of companies.
Non-linear combined RP/SP model 4 investigates the effect of company size
between two different types of companies. Number of total vehicles used as an
indicator of company size in this model. Model results support that smaller freight
companys use ordinary roads more than big companies and VOT is smaller. This result
can be attributed to the freight volume of big companies. Big companies deliver
products to many different locations, they deliver parcels between cities and regions.
Thus, they use expressway more than small companies. Also high expressway costs
increase the delivery prices more for small companies, which have small business
volume. For the production companies size effect is same with freight companies.
Bigger companies with big budgets use expressway more than small companies.
Generally, VOT is assumed to be constant with the change in travel time.
However, in our study, VOT is estimated as a decreasing function for both freight and
production companies by using the data from route choice survey. This shows VOT
decrease with increasing travel time for evaluated companies for the trips inside the
prefecture (a kind of intra city trips). In our estimation, both RP and SP data were used
together in the combined RP/SP models. Thus, combining two types of data effects the
estimation of VOT. VOTs for 15-minute intervals are indicated in Figure 3.2 for both
company types.
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Figure 3.2 VOT curves for company types in combined RP/SP non-linear model 1.
The variation on VOT with company type and number of employee variable is
indicated in Figure 3.3. In four different cases VOT decreases with increasing travel
time. Estimated VOT values for bigger freight companies and smaller production
companies are not much different from each other. However, VOT is higher for bigger
production companies. Difference in VOT for short trips is higher in estimated models
but in longer travel times VOT values get closer.
90
80
70
60
—♦— Production & vehicle<50
■ Production & vehicle>50
Freight vehicle<50
—k— Freight vehicle>50
15 min.
30 min. 45 min.
60 min. 75 min.
90 min.
Figure 3.3 VOT curves for different company types and number of total vehicles.
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Estimated VOTs are lower when they are compared with the values that are
used in assessing benefit of travel time saving in Japan roads. The values used in Japan
are indicated in Table 3.2. Our values are calculated with the actual route choice
surveys in Kumamoto Prefecture for freight and production companies. As discussed
above, VOT is not only affected by many factors such as trip purpose or other trip
characteristics, but also by travel time. It is necessary to estimate VOT significantly for
governments and transportation institutions to evaluate the projects in a more
appropriate way. Our values seem more appropriate when they are compared with other
surveys' results which use actual route choice surveys.
Table 3.2 VOT used in Japan to evaluate projects.
VOT(JPY/min)
Private cars
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Small trucks
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Big trucks
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3.4 VOT distribution in Mixed Logit Estimation
In the study two different estimation methods have been used; MNL and NMNL.
In this section, one more estimation method will be introduced to estimate distribution
parameters for coefficients of VOT. RP and SP models were estimated with most
common method, MNL model. Afterwards, nested model was introduced to combine
both RP and SP data in the same estimation model.
Variation on VOT was investigated by using nested logit non-linear model
(RP/SP combined non-linear model). However, to identify the distribution of VOT we
need to investigate the distribution of time and cost variables which are the main
components of VOT. There are two models available for this purpose; multinomial
probit model and mixed multinomial logit (MMNL) models. In this study we have
investigated the distribution ofVOT with MMNL model.
As defined in second chapter a basic utility function is defined as follows:
Uin=/3iXin+ein (3.12)
Where the fii is the set of parameters to be estimated, xin is the set of explanatory
variables and sm is the error term. Brownstone, Bunch and Train (1999) assume that;
J3txy = (6 + 0,)x, =bxy +0iXiJ (3.13)
Where, b is the population mean and 0, is the stochastic deviation which represents the
individual's tastes relative to the average tastes in the population (random part).
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Depending on this definition utility function defined in formulation (2.17) can be
written for randomly distributed time variable as follows:
V* = Pi* (3.14)
where, a (constant), p\, ft2, y\ y2 and 0, are the parameters to be estimated. In the
formulation/?! is the mean of travel time and 0x is the standard deviation oftravel time.
Mixed logit model was estimated in the form of multinomial logit model by
considering normal and lognormal distributions to investigate the distribution of travel
time and cost variables in RP and SP models. However, estimated models which
considers time was fixed and cost was randomly distributed and both time and cost
were randomly distributed did not converged. Models estimated as only time was
normally distributed converged but time value was estimated as positive. Estimation of
positive values in time coefficient shows not appropriate model estimation(Hess et al,
2004).
Introduced nested logit model was estimated by allowing time and cost
parameters normally and log normally distributed. Only the model which time variable
was considered as normally distributed was converged. Estimation results of this model
are presented in Table 3.3.
Table 3.3 Results of estimated mixed nested logit model.
Variable
Constant
Travel time (Mean)
Travel time (standard deviation)
Cost (expressway toll)
Company dummy (freig.=1, prod.=0)
Number of employee
k
M
Number of samples
Log Likelihood
P2
Estimate(t-stat)
0.9948(1.16)
-0.0789 (-2.00)
0.0573(1.56)
-0.0020 (-2.50)
1.8367(1.52)
0.0081 (1.00)
0.2092(0.88)
0.9775(22.62)
91
-63.93
0.371
Depending on the estimated model above the distribution of VOT can be
calculated. VOT is divided into two parts, the expected VOT (EJK071]) and variance of
VOT, VJFOr]. Both formulations are defined as follows:
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e[vot]=
v[vot]-v
E
~P
P
Ptime
_Pcost _
lime
cost
'cost
'cos/
(3.15)
The normal distribution curve of VOT is indicated in Figure 3.4. In the distribution,
expected VOT is 39.01 JPY/min. and standard deviation is 28.66 JPY/min.
Figure 3.4 VOT distributions.
3.5 Conclusion
The VOT is an important willingness to pay indicator, used for cost-benefit
analysis in the context of planning new transport systems, or for pricing as we studied.
In this study route choice behavior of freight and production companies were tested
under discounted toll. Toll policy was used to attract more users to convert from
ordinary road to expressway.
In the study, RP and SP data types were used in the modeling. First, both data
types were used in the estimation separately then, RP and SP data were combined in a
model. In the modeling, two different types of discrete choice models were used,
multinomial logit and nested logit. Finally, to investigate the distribution ofVOT mixed
logit model was introduced. In estimated eight models, two of them used RP and SP
data separately with multinomial logit models. Six models were estimated with
combined RP/SP data set by using nested logit and mixed logit models. In the
combined models linear and non-linear utility functions were considered. In all models,
VOT was calculated and compared in this chapter. All models consider business trips
thus, estimated VOTs are for business trips.
Non-linear combined model was introduced to identify the variation of VOT. In
combined non-linear RP/SP models, three SE variables were introduced in the
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formulation of <$, to identify the effects ofthem on the variation ofVOT. First, effect of
company type on the variation of VOT was investigated. Calculated VOTs for freight
and production companies are different from each other. VOT for production
companies are higher than those of freight companies in non-linear models. This is why
production companies use expressway more and because of expensive expressway toll,
their travel cost is higher. Afterwards, number of employee and number of total
vehicles owned by company were introduced separately in the formulation of &.
Finally, company dummy variable were introduced with number of total vehicles to
identify both effects of company type and size of company on the variation of VOT. It
is identified that VOT is higher for bigger companies that means bigger companies use
expressway more than small companies.
Generally, VOT is assumed to be constant with the change in travel time.
However, in our study, results show that VOT was estimated as a decreasing function
in all estimated non-linear combined RP/SP models. This shows the increase in travel
time causes a decrease in VOT for evaluated SE characteristics. In our estimation, both
RP and SP data were used. Thus, combining two types of data affects the estimation of
VOT. Most of the studies found increasing VOT curves with decreasing travel time,
however, these studies investigates VOT for long distance trips. In our study we
investigated the VOT for business trips inside the prefecture ( a kind of intra city trip).
Results show that VOT decreases with increasing travel time when we consider shorter
trip distances.
Another significant finding of the model is that VOT depends on the estimated
model and used data set. Model specification has a big role on the estimation of VOT.
Especially the non-linear models which VOT change with individual SE characteristics
and travel time has different values. Difference for VOT is higher for short distance
trips and become closer for longer trips. It is important to estimate the variation on
VOT to identify the trip behaviors of different socioeconomic groups or trip purposes
for detailed analysis.
Estimated VOTs are lower when they are compared with the values that are
used in assessing benefit of travel time saving in Japan roads. Our values are calculated
with the actual route choice surveys in Kumamoto Prefecture for freight and production
companies. VOT is not only affected by many factors such as trip purpose or other trip
characteristics, but also by travel time. It is necessary to estimate VOT significantly for
governments and transportation institutions to evaluate the projects in a more
appropriate way. Our values seem more appropriate when they are compared with other
surveys' results, which use actual route choice surveys.
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4. ROUTE CHOICE EXPERIMENTS AND VERIFICATION OF
THE ESTIMATED MODELS
4.1 Introduction
This chapter investigates the effects of route choice experiments. These
experiments were used to verify the pre-estimated model proposed in Chapter 2. To
identify the effects of expressway toll discounts on different groups of individuals, two
route choice experiments (RCE) were conducted. In both experiments, 50% discount
rate was applied to trips on the expressway between decided sections. In the first
experiment, 37.8 km of the expressway was covered with five interchanges. In the
second experiment, the distance was expanded to 56.2 km with six interchanges.
During the experiment the effects of discounted toll were investigated from
different perspectives. Many traffic counts and questionnaire surveys were conducted.
The effects of expressway toll discounts on the route choice decision of people living in
Kumamoto Prefecture were investigated. The target respondents were commuters,
freight and production companies, and bus drivers. In addition, questionnaire surveys
were delivered to the people living along the alternative ordinary roads to clarify the
effects of expected decrease in traffic density and its effects to surroundings. Also,
postcard shaped questionnaires were delivered to expressway users during the survey.
In this study, survey results were investigated considering the surveys
conducted to expressway users and freight-production companies, separately, by mail.
By using these individual groups, the accuracy of the pre-estimated model was tested. It
is a great opportunity to have a chance to test the estimate accuracy of the proposed
model. Generally, in these kinds of cases it is not possible to verify the proposed model
before the policy implementation.
First, the pre-estimated model was used to estimate the actual route choice
decision of the companies which mailed questionnaire surveys were delivered. These
companies were asked some questions about the actual route choice decisions and
actual traffic conditions during the experiments. Estimated results for these companies
with the help of proposed model were verified with the actual choices of these
companies.
Finally, the effectiveness of three pooled data were tested. Data used in the pre-
estimation and data collected during the route choice experiments from freight and
production companies were combined in three different ways. First, collected data
before the route choice experiments was combined with data collected during RCE 1.
In the second pooled data, pre-survey's data was combined with data from RCE 2.
Finally, three types of data; pre-estimated RCE 1 and RCE 2 were combined. By using
nested likelihood ratio test, transferability of the model estimated before the
experiments was tested to pooled data conditions. Pooled data were prepared to create
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new data sets, which combines SP related data before the discount and actual discount
conditions during the experiments.
4.2 Route choice experiments
Local Government of Kumamoto Prefecture conducted two Route Choice
Experiments. In this study, these RCEs are used to clarify the effects of discounted toll
on route choice decision of drivers. There are two alternative routes for drivers: First
one is ordinary road, without any fee but unreliable travel time and congestion. Second
one is expressway, with expressway toll depends on the distance, reliable travel time
and free flow traffic.
One of the main reasons, which effect the route choice decision of drivers is
travel cost. In these RCEs, expressway toll was discounted 50% to identify the effect of
expressway toll on the route choice decision. In these RCEs, 50% discounted toll was
applied to all kinds of vehicles for 24 hours a day. Both experiments were lasted
approximately for one month. The covered interchanges and distances between them
are shown in Figure 4.1.
Figure 4.1 Interchanges and distances between them in route choice experiments.
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Before the experiments, the dates and discount rate was advertised with the help
of advertisement banners on the expressway, billboards at the city, local newspapers,
TV and handouts. When the drivers who use expressway during the experiments were
asked if they had heard about the social experiment, "No" response for the question
was only 4% and 2% for RCE 1 and RCE 2, respectively.
These RCEs include many questionnaire surveys and traffic counts; before,
during and after the experiments. Detailed traffic counts were done on the expressway,
at the ICs and in alternative ordinary road intersections to identify the traffic volume
before and during the experiments. Traffic volume increased on the expressway and
decreased on the alternative ordinary roads during the experiments. Figure 4.2 shows
the average traffic volumes on the expressway on different time-periods. These traffic
volumes also include the transit users, which did not use the discounted section. For
each route choice experiments, three traffic volumes are indicated in the figure; average
traffic volumes one year before the experiments, average traffic volumes one month
before the experiments and average traffic volumes during the experiments.
32,275-
29,107
one yaer
before
one
month
before
RCE 1
during
27,369
60,649
one yaer
before
one
month
before
during
after
RCE 2
Figure 4.2 Comparison of traffic volume for RCE 1 and 2.
As seen from Figure 4.2, traffic volume increased around 7%, if it is compared
one month before the RCE 1. In RCE 2, the value for one moth before is quite small, if
it is compared with one year before, but traffic volume increased more than 11%, if it is
compared with last years' values and more than 18%, if it is compared with one month
before. From the results, it can be seen that traffic volume is between 29,000 and
30,000 without discount and when there is a discount more than 2,000, users prefer
expressway, additional 6%. Note that traffic volume includes all users and the cause of
increase is the drivers, which use the discounted section only. Values that are more
detailed about the change in traffic volume will be presented later on in this chapter.
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The increase on the expressway traffic volume affected the traffic on the
alternative ordinary roads in the positive way. Travel times decreased, as an example
between Ueki and Suidocho, traffic volume decreased from 41 minutes to 37 minutes in
average and 61 minutes to 51 minutes around 17.00 pm.
During the experiments, two types of questionnaires were conducted. First one
is to expressway users, the second one is to the others that includes; freight, and
production companies, bus drivers, commuters and people living along the alternative
ordinary roads.
4.2.1 Questionnaires delivered to expressway users
During the experiments postcard shaped questionnaires were delivered to the
drivers at the egress ICs. In the first experiment, at covered five ICs and in the second,
at six ICs questionnaires were delivered to the drivers who left expressway. Drivers
could join to the survey by filling and sending back the paid postcards. These
questionnaires comprise some questions to identify the drivers' trip purpose,
expressway usage and perception of traffic density on the expressway before and
during the route choice experiments. A sample questionnaire can be seen in Figure 4.3.
PAID
STAMP
1959 ADRESS
Please send before
30.06.2005
Please fill out the form and send to the address
ORIGIN
DESTINATION
USED ICs
TRIP
PURPOSE
Type of Vehicle
City/town/village Postal code
Specific location
City/town/village Postal code
Specific location
from IC. to IC
1.commuter 2. business
3. transportation 4. transporting people
5. leisure & sightseeing 6. shopping
7. others ( )
1. car 2. small truck{plate number 4,6)
3. bus 4. truck(plate number 1,6,9,0)
5. Motorbike
7-8-9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-0-1-2-3-4-5-6
Q1. Have you heard about this social experiment?
I.Yes 2. No
Q2. Which route did you use for your trip before the social
experiment?
1. everyday expressway 2. Half of them with expressway
3. sometimes expressway 4. everyday ordinary road
Q3. How frequently are you using expressway?
before( ) during social experiment )
a. everyday b. more than 3 times a week
dor 2 times a week d. 1 or 2 times a month e. seldom
Q4. Is the travel time changed during the social experiment?
Before social exp. during social exp.
( )ordinary road
()expressway hr. min.) expressway( hr. min.)
Q5. Do you think this social experiment is effective to solve traffic
congestion problem on ordinary roads?
1. very effective 2. effective
3. a little effective 4. not effective 5. No idea
G6. If you have any opinion or suggestion about this social
experiment please write down.
Figure 4.3 A sample postcard shaped questionnaire.
The sample characteristics of RCE 1 and RCE 2 are indicated in Table 4.1.
Among the respondents, most common trip purpose was commute trip then business
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and transportation trips come. Converting some of the business and transportation trips
to expressway can help to reduce traffic congestion on the ordinary roads. Depending
on the commute and business trips, most of the expressway users use cars as vehicles.
Expressway usage frequency increased significantly during the experiments. Most of
the respondents believe that conducted route choice experiments are effective methods
to solve traffic congestion problem on the ordinary roads.
Table 4.1 Sample characteristics of postcard shaped survey for
Trip purpose
Vehicle type
Have you heard about
the experiment, before?
How frequently are you
using expressway?
Before RCE/During RCE
Do you think this
experiment is effective to
solve the congestion
problem?
Commute
Business
Transportation
Transporting people
Leisure & sightseeing
Shopping
others
Car
Small truck
Bus
Truck
Motorbike
Yes
No
Everyday
more than 3 times a week
1-2 times in a week
1-2 times in a month
Seldom
Very effective
Effective
A little effective
Not effective
No idea
RCE1
Obs.
691
322
162
29
71
68
108
1237
139
5
93
0
1429
68
137/469
160/288
274/397
420/208
404/28
720
544
54
12
158
(%)
46.0%
21.5%
10.8%
1.9%
4.7%
4.5%
7.2%
83.9%
9.4%
0.3%
6.3%
0%
96%
4%
9.8%/33.7%
11.5%/20.7%
19.6%/28.6%
30.1%/15.0%
29.0%/2.0%
48.4%
36.6%
3.6%
0.8%
10.6%
RCE 1 and RCE 2.
RCE 2
Obs.
449
352
78
19
60
85
57
985
86
1
47
0
1113
23
104/288
120/231
192/295
326/210
319/37
356
506
62
9
186
(%)
39.5%
31.0%
6.9%
1.7%
5.3%
7.5%
5.0%
88.0%
7.7%
0.1%
4.2%
0%
98%
2%
9.8%/27.1%
11.3%/21.8%
18.1%/27.8%
30.7%/19.8%
30.1%/3.5%
31.8%
45.2%
5.5%
0.8%
16.6%
a) Route choice experiment 1
First of the two route choice experiments was conducted from November 1st to
December 25th of 2004, approximately one year after the pre-survey which was
conducted to freight and production companies. Fifty percent discount rate was applied
to the trips between five ICs; Ueki, Kumamoto, Mashiki, Mifune, and Mastubase.
Totally, 37.8 km ofthe Kyushu expressway was covered for this RCE.
In RCE 1, 1808 postcard shaped questionnaires were collected from expressway
users. Totally, 1503 of the 1808 data were useful others had some missing parts. Among
the answers of trip purpose and type of vehicle, the respondents who answered trip
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purpose as transportation and vehicle type as small size truck or normal size truck were
considered as freight companies. In the same way, the respondents who answered trip
purpose as business and vehicle type as car and small size truck were considered as
production companies. Totally, 320 production and 147 freight companies were
identified from 1808 questionnaires. When the route that the driver used before the
experiment was investigated, most of them were ordinary road users before the
experiment. Details about the route choice decision of the companies before the
experiment are indicated in Figure 4.4.
b) Route choice experiment 2
Second route choice experiment was conducted from February 7th to March 4th
of 2005, for 26 days. In this experiment, one more interchange was added and covered
interchanges became six; Ueki, Kumamoto, Mashiki, Mifune, Mastubase and
Yatsushiro interchanges. Fifty percent discount rate was applied to 56.2 km of Kyushu
Expressway from Ueki IC to Yatsushiro IC.
In the second route choice experiment, 1313 postcard shaped questionnaires
were collected by mail and 1137 of them were useful. When the questionnaires were
classified as discussed in RCE 1, totally 342 production and 61 freight companies were
identified in RCE 2. Details about the route choice decisions of companies before the
experiments are shown in Figure 4.4. As seen from the figure, most of the companies
were ordinary road users before the experiment and converted to expressway because
of discounted toll.
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Figure 4.4 Company types and route choices before the RCEs.
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4.2.2 Questionnaires delivered to others
During the experiments, questionnaires were not only delivered to expressway
users but also some other individual groups. Questionnaire surveys were conducted to
people living along the alternative ordinary roads, freight companies, production
companies, bus drivers, and commuters. These questionnaires were collected by mail.
The aim of these questionnaires was to investigate how people react to the experiment
and if their route choice decision have changed during the experiments. As the study
focused on freight and production companies, in this chapter the questionnaires
conducted to these companies will be investigated in addition to the questionnaires
conducted to expressway users.
The questionnaires delivered to freight and production companies have some
similar parts with the questionnaires conducted to same companies during the pre-
survey. Questionnaires conducted to freight and production companies are ahnost same
except some small details. In the first part, three routes were asked depending on the
company location. Thus, six different questionnaires were prepared for different six
zones as indicated in Figure 2.1. For each direction, route choice decision and travel
time were asked in two steps; before the experiment and during the experiment. Then,
if the companies do not use expressway they were asked to choose the reason from
listed ones. The questions about the effects of the experiment followed and finally, the
opinions and suggestions were asked in two open-ended questions.
Table 4.2 Sample characteristics of surveys delivered to freight and production companies.
Company type
Number of employee
How frequently are you
using expressway?
Before RCE / During RCE
Effectiveness of the
experiments
Freight
Production
<100
100<
Everyday
more than 3 times a week
1-2 times in a week
1-2 times in a month
Seldom
Very effective
Effective
A little effective
Not effective
RCE1
Obs.
38
30
38
30
10/11
7/8
6/6
12/11
33/32
15
33
12
8
(%)
55.9%
44.1%
55.4%
44.6%
14.9%/16.6%
9.8%/9.9%
8.3%/9.3%
17.0%/16.1%
50.0%/48.1%
21.3%
49.2%
18.0%
11.5%
RCE 2
Obs.
23
24
20
27
6/7
4/4
6/7
7/6
24/23
12
21
11
3
(%)
48.9%
51.1%
42.9%
57.1%
13.7%/15.7%
8.0/7.7%
12.1%/14.6%
15.1%/13.1%
51.1%/48.9%
26.9%
44.2%
23.1%
5.8%
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The sample characteristics of conducted survey to freight and production
companies are indicated in Table 4.2. In the first experiment, number of freight
companies is higher however, in the second one number of companies are almost same.
Different from the survey conducted to expressway users frequency of expressway
usage changed a little in the surveys conducted to freight and production companies.
Similar to the survey conducted to expressway users respondents think that survey is
effective to solve traffic congestion problem on ordinary roads.
a) Route choice experiment 1
During the first route choice experiment, questionnaires were delivered to
freight and production companies in Kumamoto Prefecture. Totally, 38 questionnaires
were collected from freight companies and 30 from production companies. Each
company was asked for three routes thus, there must be 114 data for freight and 90 for
production companies. However, the questionnaires were not well filled by the
respondents and only 51 routes from freight and 25 routes from production companies
were collected.
b) Route choice experiment 2
During the second experiment, questionnaires were delivered to the companies
in the same way with the first RCE. In the second experiment, questionnaires collected
from the companies were less than the first one. From freight companies, only 23 of
them were filled and from the production companies 24 of them were filled and were
sent back. Same as the first experiment, collected routes were few; 33 from freight
companies and 20 from production companies.
43 Verification of pre-estimated models
In the second chapter, estimated models were discussed in detail. Models were
estimated in four steps. Finally, combined RP/SP structure was estimated. This
structure was estimated in two forms; linear and non-linear. From the estimation results
when we compared all the models, we found out that combined RP/SP model have
better estimates to clarify the route choice decision of the freight and production
companies. In addition, linear combined RP/SP model is the best model from the
viewpoint of t-statistics of the estimates. Generally, the procedure works in this way
and future demand and traffic volume will be estimated by using the estimated most
significant model. Especially, in the models that use SP data, the situation is not present
yet. SP data which is designed to represent the policy implementation depend on the
willingness to pay of the respondents. However, in our study, we had a great chance
that we could verify our estimation results with the data that was collected during two
route choice experiments. Estimated results were compared with the data collected
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from route choice experiments in two ways. First one is with the aggregated results and
the second one is with disaggregated results.
4.3.1 Aggregated based comparison
The effects of discounted toll on different groups of expressway users were
compared based on the two route choice experiments. Traffic counts were conducted
between IC couples, one month before and during the social experiments. Thus, the
increase rates of traffic on expressway were calculated for different types of vehicles by
discounted toll. For this comparison, increase rates of traffic volume for trucks are
considered same as the vehicles that evaluated companies use.
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Figure 4.5 Comparison of increase rates of traffic volume during RCEs with estimated results.
In order to verify the models, increase rates were estimated for linear and
nonlinear combined RP/SP route choice models. All these results are indicated in
Figure 4.5. In the verification, estimated values from linear and nonlinear models do
not match very well with those of route choice experiments 1 and 2 between all IC
pairs. These results are discussed here to give an idea about the increase rates of traffic
volumes during the experiments. Comparing disaggregated data from route choice
survey with aggregated data from route choice experiments do not give good results.
Traffic counts during route choice experiments were conducted for all expressway
users. Thus, it includes transit users and trucks of some other types of companies,
which were not considered in the estimation. Appropriate verification can be done by
using disaggregated data same as considered in the estimation. This kind of verification
will be discussed in the next section.
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4.3.2 Disaggregated comparison
The results in the aggregated based comparison shows that estimated results are
poor to estimate the increase rates in traffic volume during the discounted conditions,
because the increase rate in traffic depends on many different individual groups and
also transit users. There is another opportunity to verify the estimated model.
Questionnaires delivered to freight and production companies during the route choice
experiments are similar to the ones used in the pre-survey. Most importantly in these
data, same kinds of companies and vehicle types were considered.
Questionnaires include the information about the travel times, cost as
expressway toll, route; before and during the experiment, company type and number of
employee. Some of the missing data especially, data about number of employee has
been completed by the help of government offices.
In the verification, we have used the pre-estimated linear combined RP/SP
model's coefficients and we have calculated the route choice probabilities of all routes
for each company. Hit ratio was calculated comparing the actual route choice decision
and calculated route choice probability. As an example, if the actual route choice
decision of the company was expressway and the estimated expressway probability for
that company by using the actual data and pre-estimated models coefficients was bigger
than ordinary road probability, it was accepted as true and otherwise false. The hit
ratios for considered combined linear and non-linear models are indicated in Table 4.3
forRCEland2.
Table 4.3 Hit ratios of pre-estimated model in linear and non-linear forms.
Combined RP/SP (linear)
Average exp. probability
Average ord. road probability
Combined RP/SP (non-linear)
Average exp. probability
Average ord. road probability
RCE1
0.72
62.06
37.94
0.76
94.96
5.04
RCE2
0.78
7165
28.35
0.68
94.34
5.66
As the linear combined RP/SP model was considered the most significant model,
the results show that proposed model estimated the actual route choice decision of the
companies more than 72% correctly. Non-linear model has good results for the first
experiment but in the second experiment, it is not good as the linear model estimated. If
we consider the proposed model, it combines RP and SP data. RP data was the actual
route choice decisions of the companies before the discount and SP data considers the
behaviors under discounted conditions. SP data always has biases as discussed in the
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third chapter. Thus, it is very difficult to estimate the route choice decisions of
companies under the policy implementation with a high percentage.
In average, our result could estimate the route choice decision of each three
companies out of four. As it will be discussed in the future sections of this chapter, our
model could estimate the route choice decisions better for the second experiment,
because covered interchanges are more and it fits better with the aim of the pre-survey.
For the detailed investigation, hit ratios are indicated separately for freight and
production companies in Table 4.4.
Table 4.4 Hit ratios ofpre-estimated model for freight and production companies.
Combined RP/SP (linear)
Freight Company
Production Company
Combined RP/SP (non-linear)
Freight Company
Production Company
RCE1
0.72
0.70
0.75
0.76
0.78
0.75
RCE2
0.78
0.75
0.88
0.68
0.75
0.64
4.4 Transferability of pre-estimated model to pooled data conditions
4.4.1 Pooled data
As discussed in the third chapter, we have proposed a model structure to
estimate the route choice decisions of freight and production companies. Later on
conducted RCEs provide valuable data sets to test the pre-estimated model. We have
proposed that if the data of pre-survey is combined with the data, which is collected
during the RCEs from freight and production companies, the data set will be improved.
Thus, the applicability of pre-estimated model would be tested with this improved data,
which contains the actual route choice decisions of companies under discounted toll. In
the first step, pre-survey's data was combined with the data from RCE 1 and 2,
separately. In addition, in the final step, all data; pre-survey's data and data from both
RCEs were combined in one data set. The model structure used to estimate the models
is the one that we considered the most significant estimation in Chapter 3 (combined
RP/SP linear model). The estimation results of the pre-estimated model with pre-
survey's data and pooled data sets are shown in Table 4.5.
In the pooled data, pre-surveys' data and data from RCEs are combined. Data
from RCEs were enlarged by using their route choice decision before the experiments.
In pooled data sets, discount rate was not considered for the route that was used before
the experiment. Pre-survey's data model and pooled data were estimated separately by
using proposed model and results are not much different from each other. The
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transferability of the proposed model was tested between pre-survey and pooled data
sets, which consider application conditions.
Table 4.5 Estimation results for pre-estimated and pooled data.
Variable
Constant
Travel time
Cost (expressway toll)
Company dummy (freig.=1, prod.=0)
Number of employee
X
Number of samples
P1
VOT
Combined
RP/SP
Estimate(t-stat)
1.3091(2.67)
-0.0305 (-3.28)
-0.0014 (-2.97)
1.2605(2.96)
0.0030(1.93)
0.0925(0.50)
0.9339(14.93)
91
0.367
21.52
Combined RP/SP
+ RCE1
Estimate(t-stat)
0.842614.14)
-0.0266 (-3.91)
-0.0008(4.62)
0.8548(4.33)
0.0023(3.03)
0.0788(1.59)
0.9964(32.27)
169
0.326
31.15
Combined RP/SP
+ RCE2
Estimate(t-stat.)
1.3111(2.72)
-0.0289 (-2.04)
-0.0013 (-3.11)
1.1668(3.42)
0.0006(1.14)
0.0621 (0.76)
0.9538(15.91)
129
0.353
22.23
Combined RP/SP
+ RCE1+RCE2
Estimate(t-stat)
0.47.18(2.30)
-0.0146 (-2.37)
-0.0004 (-2.50)
0.3993(2.48)
0.0005(1.06)
0.0442(1.13)
0.9538(30.86)
207
0.321
32.90
4.4.2 Transferability
Transferability is an important matter in travel demand analysis and forecasting.
Without transferability in time, the use of models for forecasting has no foundation and
without transferability between regions, models developed in one region cannot be
applied elsewhere. In general saying, if transferability of models of travel behavior is
not applicable to other situations, this means the contents of these models do not stand
on strong foundations, model will have restricted usage area. Model transferability is
based on the idea that the estimated model from a previous study in a different context
may provide useful information for estimating parameters appropriate for the
application context.
Transferability is the application of a pre-estimated model to a context different
from which it was estimated in (Koppelman and Wilmot, 1982). Transfer of a model
can be defined as the use of all or part of a model in another context (time, region etc.)
than the one in which it was estimated. Transferability can be done in two ways, full
transfer and partial transfer. Full transfer is the transfer of an entire model while partial
transfer is the transfer of any portion or aspect of the original model.
The transfer of pre-estimated model to a new application context can help the
researchers to estimate more efficient model with a small data set. In addition,
transferability helps to reduce the model development effort, which takes a lot of time.
Thus, especially in transportation literature several empirical studies have been
conducted to measure the effectiveness of model transfer from one context to another.
Some of these studies have examined model transfer from one spatial context to
another (Atherton and Ben-Akiva, 1976; Galbraith and Hensher, 1982; Koppelman et
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al., 1985), while others have examined the temporal transfer of these models (Talvitie
and Krishner 1978; Train 1979; McCarthy 1982; Elmi et al., 1999).
A variety of tests and measures has been used to compare the predictive ability
of choice models. Many of these tests operate at the aggregate level comparing
observed and predicted market shares or in this case observed and predicted route
choice decisions. Measures of model transferability were used to asses the effectiveness
of models when they are transferred for use in an application context that is different
from their calibration context. The indices and t-statistics are all based on log likelihood
measure. In this study, two tests were considered; nested likelihood ratio test and
asymptotic t-test.
a) Nested likelihood ratio test
Results of this test show the statistical similarity of the estimation and
application model coefficients. In this test, the null hypothesis is that the coefficients of
the estimated model do not deviate significantly from the coefficients estimated from
the entire set of application data. We have combined the pre-estimated data with the
actual route choice surveys and basically examined whether the pre-estimated model
parameters have remained stable over time and most importantly under the real
conditions of discounted toll. Nested likelihood ratio test (Xf) uses the log likelihood
values to test the transferability of the models as follows:
X\ =-2[LA+B(PA+B)-LA(PA)-LB(PB)\ (4.1)
Where,
LA+B(/3A+B): Log likelihood values of the pooled models with the model
parameters estimated from pooled conditions.
La{Pa) '• Log likelihood value of the pre-estimated model with the model
parameters estimated from pre-survey conditions.
LB (flB ) : Log likelihood values of the estimated model with the model
parameters estimated from RCE conditions.
The above equation is Chi-squared distributed with degrees of freedom equal to
number of restrictions (coefficients in this model). If the calculated value from above
formulation is bigger than the critical Chi-squared, the null hypothesis is rejected.
As discussed, we have created three pooled data sets, which combines the RCEs
and pre-survey. Results of nested likelihood ratio test for these models are indicated in
Table 4.6.
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Table 4.6 Chi-squared values for the pooled data.
Critical X2 (5,0.05)
Combined RP/SP
+ RCE1
10.66
11.07
Combined RP/SP
+RCE2
9.28
11.07
Combined RP/SP
+RCE1+RCE2
11.02
11.07
If we compare the transferability of the pre-estimated model, the best results
were gained with the second pooled data. The other models are also transferable. If we
remember the verification of the pre-estimated model, proposed model estimated the
route choice decisions 78% correctly for the freight and production companies in RCE
2. This result was 72% for the RCE 1. First pooled data is transferable but, X2 for the
first model is little higher than the second pooled data. Verification and trabsferability
results are better for RCE 2. The area covered in the second RCE is longer. Thus,
covered discounted section is more suitable for the trips inside the prefecture.
Remember in the pre-survey, business trips inside the prefecture were investigated.
b) Asymptotic t-test
In addition, another test is available to compare the estimated variables one by
one. An asymptotic t-test for this purpose is as follows:
'A+B
v< .2'A+B (4.2)
Where,
PA : Estimate ofa parameter in pre-survey condition.
fiA+B : Estimate of a parameter in a pooled condition.
a2 : Variance of parameter estimate in pre-survey condition.
a2A+B : Variance ofparameter in pooled condition.
This asymptotic t-test allows us to find out which variable differs between the
transferred models. If the nested likelihood ratio test fails, asymptotic t-test can help to
define the variable, which is not transferable between the pre-estimated and pooled
conditions. We have estimated asymptotic t-test because the pooled data which
combines pre-survey and RCEs was very near to critical X\. Thus, we wanted to see
the differences in all variables one by one. Results of this test are indicated in Table 4.7
for three different pooled data.
In the asymptotic t-test, seven variables were considered as estimated in the
model. Critical value is t(7,0.05)= 1.895 and all variables in tests for three models are in
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the limits and transferable. Same as the nested likelihood ratio test, pooled data with
RCE 2 gives better results rather than first one.
Table 4.7 Results of asymptotic t-test.
Variables
Constant
Travel time
Cost (expressway toll)
Company dummy (freig.=1, prod.=0)
Number of employee
A
Combined RP/SP
+ RCE1
0.87
0.35
0.53
0.44
0.86
0.07
0.30
Combined RP/SP
+RCE2
0.01
0.31
0.10
0.16
0.17
1.09
0.21
Combined RP/SP
+RCE1+RCE2
1.57
1.47
0.88
1.25
1.89
0.25
0.28
The results support that our model is transferable if we create a pooled data,
which includes actual conditions under discounted toll and pre-survey's data. Proposed
model is transferable to the actual discounted conditions considered same as in the
estimation. Another important finding is that second RCE is more effective,
transferability tests are better. The reason RCE 2 has better estimate results than first
one is the distance. In the pre-survey, the model based on the freight and production
companies in Kumamoto Prefecture and their trips inside the prefecture were
investigated. First social experiment covers five interchanges and these interchanges
are not enough to cover all the trips inside the prefecture. Thus, in the second
experiment, one more interchange was added and almost all trips were covered inside
the prefecture.
4.5 Conclusion
Route choice experiments were conducted to collect information about route
choice decisions of the individuals and to identify the effects of discounted toll on
traffic and its surroundings. Route choice decisions of individuals under a policy or
new infrastructure implementation cannot be defined by using data from actual
conditions. Thus, these kinds of surveys are valuable to evaluate the actual conditions
and to test the estimation accuracy of the pre-estimated models.
We have investigated the route choice decisions of freight and production
companies under discounted toll and proposed a combined model structure, which
combines RP and SP data. To verify our model, we have to wait the policy
implementation. However, it would be late if our model could not estimate the demand
after the implementation and we have assumed the discount in expressway toll will
attract many users.
Before the policy implementation on the expressway toll discount, two
experiments were conducted to identify the route choice decisions of users under real
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conditions. During these experiments 50% discounted toll was applied. In the first
experiment, five interchanges were covered and in the second experiment one more
interchange was added to the previous range and six interchanges were covered. These
experiments allow us to verify our model and to compare the estimated results with the
actual data, which presents the situation after the policy implementation.
Questionnaire surveys were conducted to expressway users, freight and
production companies, commuters and bus drivers to identify the effects of discounted
toll on different individual groups. Questionnaires conducted to expressway users
showed that the business trips have the second biggest portion after the commute trips
among the expressway users. Data from RCE 1 and 2 show that 89% and 83% of the
freight and production companies which use expressway during the experiment were
ordinary road users before the experiment, respectively. Conducted traffic surveys
clarified that traffic volume on the expressway increased during the experiments.
Depending on the increase on the expressway, traffic volume and travel times
decreased on the alternative ordinary roads in average 10%.
The estimated demands during the experiments by using pre-estimated model
are compared with the actual route choice decisions of freight and production
companies. Pre-estimated model could estimate the actual route choice decision of the
companies 72% correctly in the first experiment and 78% in the second experiment.
Estimation result for the second model is better. This can be attributed to the covered
area in the second survey. In the second survey, one more IC was added to the previous
one and almost all trips inside the prefecture were covered.
Finally, data collected before the RCEs and data collected during the
experiment were pooled to create an effective data set. Transferability of the proposed
combined RP/SP model with the pre-survey's data was tested with pooled data sets.
Three pooled data was created; in the first one pre-survey's data was combined with
first experiment's data. In the second one pre-survey's data was combined with second
experiment's data and finally pre-survey's data with both experiments' data were
combined.
Transferability tests indicated that model is transferable with the pre-surveys
data to the created three pooled data sets. Second model has better transferability results
parallel with the verification results depending on the covered distance. Almost all
expressway trips could be covered by second experiment. If the transferability of all
variables were done separately, all variables would be transferable to pooled conditions.
These results show that proposed model could estimate the route choice
probability of the freight and production companies in average 75%. This is a
promising result if we consider many other factors that affect the decision process. In
addition, our model overestimated the conversion. Thus, by time some other users can
convert to use expressway. This can increase the estimation accuracy of our proposed
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model. Business trips were investigated and route choice decisions of companies can
take some time, because, sometimes route choice is not only the driver's decision but
companies'.
75
Chapter 5
Investigating the Effects of Public
Transit Information and Its Service
Levels
Chapter 5
78
Investigating the Effects ofPublic Transit Information and Its Service Levels
5. INVESTIGATING THE EFFECTS OF PUBLIC TRANSIT
INFORMATION AND ITS SERVICE LEVELS
5.1 Introduction
Transit services are one of the important parts of city life, which provides
mobility to its users usually with low prices. The history of mass transportation is
intimately connected to industrialization, urbanization, and the separation of residence
from workplace. By the beginning ofthe 20th century, major cities in the world such as
London and Paris had fixed-rail subway systems and by the 1920s buses were
introduced to the system. The patronage of mass transit grew steadily from 1900 in the
world, especially, in industrialized countries. Developed countries improved service
level of transit and developing countries introduced transit into their major cities.
Nowadays mass (public) transit is one of the common parts of city life.
However, in some countries it is not very popular, such developed countries as USA or
such developing countries as Vietnam. All over the world, there is a growing effort to
introduce new public transit systems and improving the service levels. Population of
the world is growing very fast and with industrialization, there is a migration from rural
areas to urban areas. Thus, traffic and parking problems rise in big cities. One of the
solutions of this common problem is introducing new infrastructure to provide mobility
to the residents. This consumes much time and money. Another solution is mostly used
by developed countries, which have already solved the infrastructure problems, is
increasing the attractiveness of public transit by improving its service quality.
Transit Information Systems (TIS) is one of the most common tools for this
purpose. Transit information systems are wide range of systems that provide travelers
with information about travel options such as; travel times, delays and/or incidents.
This study is conducted in Izmir City, Turkey. Turkey is a country which can be
defined as a developing or new developed country. In Turkey, still there is lack of
infrastructure but the ongoing projects try to solve this problem.
Izmir city has a young and active population. In recent years, many significant
improvements were done in public transit services. However, introducing new
infrastructure or transit services are costly. Improvements in transit do not only depend
on introducing new services but also improving the service quality. One of the most
effective methods to provide better service is to investigate what travelers consider and
to improve service in the light of these considerations.
This study investigates the important transit information and its service levels to
improve the satisfaction level of travelers in Izmir City. This will help to keep actual
users with public transit and provide better comfort level. For this purpose, a stated
preference scenario was prepared, which includes the considered important information
types by the respondent with its different service levels and a function of their actual
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travel time. Survey was conducted as face-to-face interviews in four different areas in
metropolitan city.
Discrete choice modeling was used to evaluate the responses of individuals. To
investigate the important service levels, satisfaction levels of the respondents were
asked for the given scenario. Responses for the satisfaction level has a natural ordering,
thus, ordered probit model was used for the modeling approach.
This study focused on five main objectives:
• To investigate the differences between transit and non-transit users.
• To identify the significant transit information types and their service levels for
the satisfaction of the transit users by the transit service.
• To determine the socioeconomic characters of the transit users which affect
their satisfaction level.
• To investigate the differences between transit users depending on the quality of
transit service.
• To identify which sources do the users want to get transit information.
5.2 Transit information systems
Transit information systems provide passengers with information on one or
more modes of transportation service to assist decision maker. This assistance can be
before the trip (pre-trip) or while already traveling (en-route). En-route transit
information can help the users to make their decisions about their trips on the way or at
the stops/stations (wayside) or while they are traveling on the train/bus (in-vehicle).
Basically, information can be provided to the trip maker anywhere starting from his/her
decision process at home to reaching the final destination. Many technological types of
equipments help users to reach this information quickly. In addition, technological
systems provide accurate and on time information. Implementation of a transit
information system necessitates gathering, processing and distributing information on
transit routes and schedules.
Generally, three types of transit information systems are considered in the
literature;
• Pre-Trip transit information
• Wayside transit information
• In-vehicle transit information
The use of these information systems may imply either static or dynamic
information or both (Jones et al., 2003). Usually pre-trip information systems entail
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static information. However, they can be supported by dynamic information. En-route
and in-vehicle transit systems mostly depend on dynamic transit information.
Nowadays there is a huge set of technologies and media available to distribute
such information. These technologies and media are listed in Table 5.1 as defined in
(Peng and Oliver, 1999).
Table 5.1 Different distribution methods of transit information.
Audio
Television (pt)
Radio (pt)
Interactive telephone (pt)
Cellular phone (pt+ws+iv)
Pagers (pt+ws+iv)
Handheld computers
(pt+ws-+iv)
Annunciations (ws+iv)
Video
Closed circuit TV
(pt+ws+iv)
Handheld computers
(pt+ws)
Message signs (ws)
Printed document
Newspapers (pt)
Printed schedules
(pt+ws)
Billboards (ws)
Multimedia
Internet (pt+ws+iv)
Kiosk (pt+ws)
Audio/video terminals (iv)
pt pre-trip, ws: wayside, and iv: in-vehicle information's
5.2.1 Pre-trip information systems
Transit information available before the trip is called pre-trip transit information
systems. Pre-trip information systems help people make decisions about the choice of
transportation mode, route, and departure time before they start their trip.
Most common pre-trip information systems are transit route maps, schedules,
park and ride information, fares, transit trip itineraries, stop and station locations,
frequency of service information, weather etc. Some of the suppliers support itinerary
planning, which can provide information about entire trip from origin to destination, as
well as routes and departure times.
Pre-trip information systems are the first chain in the information series and the
most important one. Especially, for the non-transit users, travelers' decision between
driving and transit must be changed before they start their trip. Most important factors
that non-transit users choose driving are the convenience and travel timesavings. Thus,
providing detailed information about transit, as an example, waiting times or seat
availability, can ignore travelers to choose transit as an alternative. Providing reliable
transit information to travelers before they choose their trip mode enable them to make
informed decisions thus, they can consider alternatives in a more realistic way.
As indicated in Table 5.1, pre-trip information systems can be gained from
many different sources by the traveler. Surveys conducted in four different regions of
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USA showed that pre-trip transit information is very important for the travelers and
they consider static information more than dynamic in pre-trip information (FTA, 2003).
This study focused on the important information types for the satisfaction level
of the travelers. Mostly considered information types in this study were pre-trip
information.
5.2.2 Wayside information systems
Wayside transit information is the second step of the transit information series.
These kinds of information are provided to the traveler either on the way to transit
service or at the stop/station. This information is generally provided trough media such
as electronic signs, interactive information kiosks, cell phones, closed circuit TV
monitors etc. These kinds of dynamic information sources provide real time arrival,
departure or waiting time information. In addition, static information can be provided
traditionally by billboards or printed schedules available at the stations or bus stops.
Advanced Public Transit Information Systems (APTS) supports wayside
information as well as in vehicle information. Wayside information is important for the
traveler in his/her mode choice decision between transit alternatives. This kind of
information improves the convenience and comfort level of the traveler. Wayside
transit information systems are more costly than the pre-trip transit information systems.
Usually they need technological equipments for real time information.
5.2.3 In-vehicle transit information
In-vehicle information is the last chain in the transit information systems. These
systems provide travelers information while they are traveling. These information
systems also use dynamic information such as automatic vehicle location systems.
In-vehicle transit information systems provide travelers information about next
stop, connection and transfer information, special announcements such as; transfer
point, destination information, public announcements etc. Some improved systems can
provide information about anticipated arrival time to destination. These kinds of
information are delivered by audio and/or visual announcements. In some transit
services, driver makes announces and in some cases it is done automatically by pre
recorded devices. In developed services such as subways, this service can be provided
by LCD panels with voice announcements such as Tokyo subway.
All these three transit information systems have benefits for service suppliers
and customers. Main benefit for service suppliers is increased customer amount
because of increased customer satisfaction. Satisfaction of the customers is very
important for the service suppliers to keep and enhance their income.
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Main benefits for the customers (travelers) are comfort and convenience. This
can reduce customer dissatisfaction and anxiety. Another important benefit is for old
and handicapped people who have some special needs. Handicapped person can check
if the bus is suitable for wheel chair or old people can check the waiting times at the
stops to reduce his/her waiting time.
5.3 Previous studies
The development in technology and the effort of governments and transit
suppliers to make transit more attractive and convenient increase the need for ATIS.
Many ATIS technologies were introduced and tested all over the world. The main
concern is to improve the service quality and to solve traffic problems.
Many studies were conducted about the ATIS and its effects. However, few
studies investigated the effect of transit information systems on travelers' choice
decision. Nevertheless, these kinds of studies have started to be popular especially in
advanced countries to improve the service quality and satisfaction of the travelers.
Polak and Jones (1992) investigated travelers' preferences for different types of travel
information and the effects of such information on travel behavior. The study was
conducted as a stated preference design for whom uses personal computers at home.
Respondents were informed about the car and transit (bus) travel times from home to
the city. Result of this study indicated that there is a significant demand for such
information, even among car users. Hall et al. (1994) investigated the effectiveness of
Southern California Rapid Transit District telephone information service. Abdel-Athy
et al. (1995) conducted another comprehensive study to investigate the transit
information service mostly desired by non-transit users. They conducted a telephone
interview survey in Sacramento and San Jose areas of California. The likelihood of
commuter choice was investigated under given information. They got promising results,
which showed 38% of the non-transit would like to consider transit as an alternative
commute mode if transit information were available.
Schweiger (1995), Hickman and Day (1996) reviewed some of the transit
information systems. Kitamura et al. investigated the effect of pre-trip information
systems by conducting in-laboratory interviews. Their finding showed that age is an
important variable that defines market segments for pre-trip information systems.
Shank and Roberts (1996) reviewed the benefits of ITS and found that traveler
information technologies could result in shifts from the car alternative to transit
alternative . They informed that in the areas; Seattle, Washington and Boston, MA,
which they conducted the surveys, 5 to 10 % of the car users could shift from car to
transit if they were informed.
Abdel-Aty (2000) investigated the types of important information for non-
transit users to consider transit as an alternative. He had prepared stated preference
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scenarios to identify the service levels of each information type. He found that
frequency of service, number of transfers, seat availability fare and walking times to the
stops were considered information types by non-transit users.
FTA report (2003) indicates the results of customer preference for transit ATIS
in Seattle, Salt Lake City, Columbus and Providence/Kingston in USA. These results
show that time tables are the most preferred pre-trip information. Traditional (static)
information is preferred to real time information for pre-trip planning. These surveys
showed that transit users want to obtain pre-trip information in printed form and via
computer. In this survey, the overall level of preference for information while at the
wayside is substantially less than for pre-trip planning.
5.4 Information about Izmir city
5.4.1 General information
Izmir City is the third biggest city in Turkey after Istanbul and Ankara cities.
City is located in the western part of Turkey along the Aegean Sea. Izmir City is
located around a bay. History of the city goes 5000 years ago. Izmir City is known as a
port and trade city.
The population of the metropolitan city is around 2,232,265 and all population
is around 3,370,876. The metropolitan area includes nine municipalities. The
population density of the metropolitan area is 281 person/km2. Total number of
vehicles in metropolitan area is around 698.859. City is one of the most developed
cities in Turkey.
BULGARIA
Black Sea
^ANKARA
ANATOLIA
,Kayseti
.Konya
Kaftiamanmaras
Adana Ga^iJep ( ,§anliurta
Z Iskenferyif '
Figure 5.1 Map of Turkey.
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It has a young and active population. Being one of the biggest and developed cities in
Turkey, population of the city is growing very fast.
5.4.2 Transit information
Izmir City has an active and young population. Thus, the city population needs
mobility. The location of the city has some problems for transit services. City is located
around a bay, thus, total bus lines are very long. However, in recent years metropolitan
municipality reversed this disadvantage to advantage by improving the transit service
on the bay with commuter boats and ferries.
In the city, five different transit modes are in service. The biggest service
capacity belongs to buses with 1545 buses in 277 different routes. Subway is totally
11.7 km and it has 10 stations. Local train line has 21 stations inside the metropolitan
area but the service is slow and frequency is low. Local train line is under rehabilitation
and will be upgraded to a light rail train (LRT) service. Upgraded LRT service will be
integrated with current subway and other bus lines. Sea transportation is done with 21
commuter boats and ferries between eight harbors and two ferry harbors. Another
transit mode is available which is called "dolmus" in Turkey. Many countries have
similar services in different names. This service is provided with minibuses, which can
carry 14 passengers. This service has its routes and stops. Usually they do not have
custom schedules, but, they are very popular especially in the areas, which have a lack
of other public transit services.
Figure 5.2 Location of metropolitan city area with municipalities.
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5.5 Conducted survey
The data used in this study was collected from Izmir City, Turkey. As defined,
Izmir City is the third biggest city in Turkey with a wide range of transit alternatives.
To collect samples from different socioeconomic groups and different respondents
whose transit choices are different, survey was conducted in four different locations in
the metropolitan area of the city.
Survey was designed as a face-to-face interview. Surveyors meet the
respondents in the cafes, shopping centers, recreation areas and university campus
where people are not in a hurry. Thus, the surveyors told the aim of the survey and
asked the questions to the respondents in a free time. Survey was conducted between
May 22nd and Jun 17th, 2005. Most commonly, weekend days were chosen. Totally 645
interviews were conducted during this time period. Prepared survey has two main parts;
first the questions to identify the socioeconomic characteristics of the respondent then
the main part which investigates the chosen transit characteristics and questions about
the transit service information types which will increase the satisfaction level of the
transit service. For the details questionnaire is indicated in Appendix.
5.5.1 First part: commute and socioeconomic characteristics
This part of the questionnaire investigates the general socioeconomic
characteristics of the respondents. Survey was designed to characterize all the
individuals living in the city thus, different age groups and genders were interviewed.
645 of all interviews were conducted to 349 male and 296 female respondents. The
distribution of the respondents age groups are indicated in Figure 5.3. The amount of
young population is very high in Turkey. Thus, 19-39 years old age group is high in the
survey.
80%
60%
40%
20%
0%
■•-
18 and
younger
19-39
40-65 65 and
over
Figure 5.3 Distribution of the age groups in all samples.
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Figure 5.4 Distribution of the answers for car ownership in the data.
When the car ownership of the respondents was asked, almost half of them do
not have a car available at home for the commute trips. The details are indicated in
Figure 5.4.
In this part of the questionnaire in addition to the questions about the
socioeconomic characters, the average travel time of commute or school trip was asked
to the respondents.
5.5.2 Second part: transit characteristics and chosen information types
After the information about the socioeconomic characters, respondents were
asked, "Have you used transit at least once in last 7 days as a commuter/school trip?" to
identify if he/she is a transit user or not. Then the respondents were asked two types of
questionnaire sheets depending on their answers. The structure and questions in both
sheets are almost same. The only difference was additional questions for the actual
transit mode and satisfaction level from the current transit conditions of the transit users.
Due to the answers, 76% of the respondents were classified as transit users and 24%
non-transit users. Transit users were asked the questions, which were prepared for them.
Non-transit users were asked one more question before the second part of questionnaire,
because these questionnaires were prepared for transit users and non-transit users who
would consider transit as an alternative commute mode. Thus, non-transit users were
asked, "If you have more information, might you consider transit as an alternative
commute mode at least once in a week?". Respondents who had answered "yes" were
asked the second part of the questionnaires and the ones who answered "no" were not
asked any more questions. 73.4% of the non-transit users answered "no" and their
interview were finished and 26.6% of the non-transit users told they would consider
transit as an alternative commute mode if they had more information about it.
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Questionnaires
(645)
Transit Users
(493)
Non-transit Users
(152)
Consider transit as an
alternative
(45)
Not consider transit as
an alternative
(107)
Figure 5.5 Distribution of the survey results depending on mode choice.
As introduced, second part of the questionnaires was prepared in two different
types. First one is for transit users and second one is for non-transit users who want to
consider transit as an alternative commute mode at least once in a week. The main
structure of the questions were same for transit and non-transit users, only differences
were in the way how questions were asked. Questions for transit users include the
questions about the actual transit mode and satisfaction level from the current service
conditions. The other parts of the questionnaires were designed to identify the effects of
transit information types on the usage of transit.
a) Hypothetical scenario
The main structure of the questionnaires includes a stated preference scenario,
which depends on the chosen transit information types and commute time of the
respondents. As discussed, main objective of this survey was to investigate the
important information types, which are important for transit users. In addition,
important information types for the non-transit users to consider transit as an alternative
commute mode were investigated. Design of the hypothetical scenario both for transit
and non-transit users were same. However, there are slight differences in the questions.
Design for the hypothetical scenario starts with the question for transit users:
Does transit information have an effect on your willingness to use transit? Which
information types are important for you? Please rank the three most important
information typesfrom most important to second and third important"
In addition, for non-transit users:
"/ am going to list you some transit information that you might need in order to
consider public transit as an alternative commute mode. Please rank the three most
important information typesfrom most important to second and third important"
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Then ten transit information types were shown to the respondent (Abdel-Aty,
2000):
• Park & Ride information.
• Information about how often transit vehicles run.
• Fare information.
• Information about walking time to/from the station.
• Information about transfers, and transfer locations.
• Transit route map.
• Information about operating hours.
• Information about waiting times.
• Information about seat availability.
• Information about station locations.
The first step was completed after the respondent chose the most important
three information types for him/her.
A hypothetical scenario was prepared by using these chosen information types
and commute type of the respondent. The chosen information types were presented in
the scenario with their randomly chosen service levels.
These service levels were prepared before the experiment to use in the
hypothetical scenarios and only information types were shown to the respondents not
the service levels. In the preparation of the service levels, three points were considered:
• The current transit service conditions during peak hours,
• The current transit service conditions during normal hours (not peak hours)
• The improved transit service conditions for the satisfaction ofthe users
The actual commute time was presented in the scenario by multiplying it
randomly by one of these parameters; 0.75, 1.00, 1.25, and 1.50. We thought these
multiplications present the worse or better travel timesaving. This can be understood
longer or shorter time for non-transit user when he/she changes the mode or a change in
the service conditions for the transit user.
Respondent were asked a scenario designed as follows:
1. Scenario: We prepare a scenario for you depending on your travel time and your
answers about information types:
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In the scenario, actual travel time is multiplied by a randomly selected number (0.75, 1,
1.25, and 1.5) and randomly selected service levels of each chosen important
information types are presented in the scenario. Then respondents were asked for their
satisfaction level under the given conditions. For transit users, satisfaction level of the
given service level was asked and for non-transit users, they were asked if they would
be satisfied with the given scenario to consider transit as an alternative commute mode.
Your travel time is
1. choice
2. choice
3. choice
(Actual time*random number) min.
Satisfaction level was asked in a five-ranked scale where one means very
dissatisfied and five very satisfied.
As an example, consider that a transit user had chosen seat availability as an
important information type in the first place, transit route map and information about
waiting times at the stops second and third, respectively. If he told his normal travel
time is 30 minutes, then the scenario was created as follows:
Please think that if your travel time is 45 minutes (30*1.5), the chance of seat
availability is 50%, a transit route map is available with you and waiting time at the
stop is 10 minutes.
Then transit user was asked for his satisfaction level as follows:
Under listed service conditions above, please rank your satisfaction level to keep on
using transit.
He/she chooses his satisfaction level from a five-ranked category;
1) Very dissatisfied
2) Dissatisfied
3) Neutral
4) Satisfied
5) Very satisfied
This scenario was asked to the respondent for two times, hi the second scenario
random number, which multiples the travel time and service levels of chosen
information types were changed. Second scenario helps to collect two data sets from a
respondent.
Hypothetical scenario has three objectives;
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• To determine the important information types and their levels for the
convenience ofthe transit users,
• Also, to determine the important information types to keep the current users
choose transit in the future,
• To identify the important transit information and its levels to attract non-transit
users to use transit as an alternative commute mode.
5.6 Significant findings of the survey
This survey helped us to identify the effects of transit information on both
transit and non-transit users. As Turkey is a country somewhere between a developed
and developing countries, transit information systems are new and have a few
applications in the country. We could not find a similar survey in literature, which
investigates the effects of transit information and its service levels in Turkey. From this
point of view, this study is the first study conducted in Turkey. Generally, these kinds
of surveys are conducted in advanced countries, which have almost solved
infrastructure problems and now focused on these kinds of issues to improve such
systems.
This survey allows us to identify the characteristics of transit and non-transit
users. In addition, differences between the respondents who would consider transit and
not consider transit as an alternative commute mode if information about service is
available were investigated.
Each country has different socioeconomic characteristics depending on the
culture, life standard and some geographical differences. Depending on these effects,
the mode choice behaviors change from country to country. Not only the
socioeconomic characters but also some others like climate, available infrastructure, etc.
Generally, in advanced countries, car ownership rate is very high, thus, people are car
dependent and do not use transit. However, in some developed countries such as Japan,
transit usage rate is very high compared to other countries. It is an important challenge
to identify the characteristics of users, which effect their mode choice decisions.
5.6.1 Characteristics of transit and non-transit users
Mode choice characters vary from country to country and even in some
different regions in the same country. One of the most characteristic reasons is
economic level. People belong to low income groups cannot consider car mode. Many
other factors effect the mode choice decision such as some habits and traditions. As an
example, in Turkey, people do not consider bicycle as an alternative commute mode.
However, it is the main commute mode in some southeastern countries. It is important
to identify the characteristics of the users to improve the service quality and to attract
more users to use transit.
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In this section, the differences between the transit and non-transit users are
investigated by using the first part of the questionnaire survey. Nine different
socioeconomic charters and trip attributes were investigated. Results are indicated in
Figure 5.6 and details of the figure are indicated in Table 5.2. In Table 5.2 and Figure
Table 5.2 Distribution of some socioeconomic variables for transit and non-transit users.
Socioeconomic characters
Gender
Age
Income
Education
Car ownership
Commute to
multiple locations
Carpool
Flexibility of work
starting time
Male
Female
Young (<=39)
Old (39<)
Low (< 1,000 YTL)
High (1,000 YTL<=)
Low(<=high school)
High(high school<)
Yes
No
Yes
No
Yes
No
No flexibility
There is flexibility
Total
54%
46%
71%
29%
75%
25%
29%
71%
54%
46%
65%
35%
32
78
63%
37%
Transit users
46%
51%
74%
26%
73%
27%
30%
70%
46%
54%
68%
32%
25
75
65%
35%
Non transit Users
69%
31%
22%
88%
19%
81%
27%
73%
82%
18%
57%
43%
55
45
58%
42%
□ Total
Transit users
□ Non-transit users
Jf/ Non-transit users
Transit users
Total
Figure 5.6 Socioeconomic characters and their distribution among mode choices.
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5.6 the percentages of each socioeconomic character are indicated separately for transit
users, non-transit users and all users.
First considered socioeconomic character was the effect of gender. As seen
from the Table 5.2, male respondents are 54% of the all sample and the amount in the
non-transit users is 69%. This difference shows that male population is high among
non-transit users. It is common in Turkey that the car is used by the father and most of
the drivers are male.
Age is a more significant character to define the non-transit users. In the sample,
the rate ofyoung age which is considered younger than 40 is very high compared to old
age (older than 40). However, 88% of the non-transit users belong to old age category.
Older age group does not want to use transit because of convenient reasons. This is also
related with car ownership and income level, which is high in older age groups in
Turkey.
Income is another important factor, which helps to define the characters of
transit users. Low-income group uses transit because they do not have other alternative.
However, education level is not so significant. In advanced countries, income level
increases parallel with the education level. However, in Turkey still most of the high
income groups are not educated more than high school. Education less than high school
was considered as low education and higher than high school was considered as high
education.
We investigated car ownership in three categories; yes I have a car, no I do not
have, and we have one in the family and share it. Here in this consideration, we have
combined the yes I have and we have one at home answers as there is a car available.
Car ownership is also very significant to define the transit and non-transit users. If
people have a car, they do not use transit. It also is interesting that some of the low
income level users choose car instead of transit in Turkey where oil is one of the most
expensive country in the world (2$/litre regular gas).
The other three factors; commute to multiple locations, carpool and flexibility
of work starting time are not significant factors that effect the mode choice decision of
the people. As a result, age and income level that brings high levels of car ownership,
are the main factors, which effect transit usage. In addition, gender can be considered
as another important factor.
5.6.2 Characteristics of non-transit user who will consider transit and not
During the interview, non-transit users were asked if they would consider transit
as an alternative commute mode when they are given the available transit information.
30% of the non-transit users answered the above question "yes". This result shows that
some of the non-transit users would like to use transit as an alternative commute mode
if more transit information is available and some of them even do not consider using
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transit. Differences between the users who would consider or not are indicated in
Figure 5.7 and details are given in Table 5.3.
Table 5.3 Distnbution of some socioeconomic
Socioeconomic characters
Gender
Age
Income
Education
Car ownership
Commute to multiple
locations
Carpool
Flexibility of work
starting time
Male
Female
Young (<=39)
Old (39<)
Low(<1,000YTL)
High (1,000 YTL<=)
Low(<=high school)
High(high school<)
Yes
No
Yes
No
Yes
No
No flexibility
There is flexibility
Total
69%
31%
61%
39%
19%
81%
27%
73%
82%
28%
57%
43%
55%
45%
58%
42%
variables for non-transit users.
Consider transit
76%
24%
59%
41%
24%
76%
37%
63%
84%
16%
57%
43%
40%
60%
40%
60%
Not consider transit
73%
28%
63%
37%
17%
83%
22%
88%
81%
19%
58%
41%
61%
39%
66%
34%
□ Non-transit users
■ consider transit
D Not consider transit
Not consider transit
W/ consider transit
Non-transit users
Figure 5.7 Socioeconomic characters and their distribution among non-transit users.
Gender, age and income are not significant to distinguish the differences
between non-transit users who consider transit or not. These factors are significant to
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distinguish the transit and non-transit users. However, male non-transit users would like
to consider transit more than females. In addition, respondents in younger age group
and respondents with high income do not want to consider transit as an alternative.
Education level is not a significant factor to identify the differences between
transit and non-transit users. However, it is significant among the non-transit users.
Respondents with high education level consider using transit more than respondents
with low level of education, if information is available. Car ownership and commuting
to multiple locations are not significant among non-transit users.
An interesting finding is carpoolers do not want to consider transit even if more
information is available. Probably, they share the cost and car alternative is more
comfortable. Thus, carpoolers do not want to use transit. Flexibility of work starting
time is very significant. Most of the users who work in a job that do not have flexible
starting time want to use their car and do not consider time. This can be attributed to the
unreliable transit frequency and trip time, especially, in the peak hours.
5.6.3 Considered information sources to get transit information
Developing technologies help to get accurate and timely information anywhere.
Internet becomes one of the most popular information sources in the world. It is also
easy accessible from houses, schools, if a computer is available. Cell phones become
another information source with developing technologies. They are small and can
provide information everywhere. Increasing number of TV channels and radios are the
other telecommunication devices, which are popular nowadays.
The survey investigated the important service information; the question is how
to deliver this information to the people. It is also as important as identifying the types
of significant service information. Individuals accept different information sources
depending on their socioeconomic characteristics, such as old people prefer TV or
radios when young people would like to get information from cell phones.
In the survey, all the respondents were asked to choose and rank three
information sources, where they would like to reach information about transit service.
Results are indicated in Table 5.4.
Table 5.4 Accepted information sources to reach transit information.
Information sources
Radio
TV
Internet (through web page)
Newspaper
Cell phone
Transit user (488)
Normal
116
326
328
366
328
In order
181
614
694
693
748
Non-transit user (45)
Normal
14
25
28
36
32
In order
24
43
67
78
76
All users (533)
Normal
128
351
356
403
360
In order
205
657
761
771
824
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In the table, considered information sources are indicated. Results are divided
for transit users and non-transit users. However, non-transit users only include the ones
who would like to consider transit if information is provided. The column "normal"
indicates if the respondent chooses the information among three considered information
sources. In addition, respondents were asked to rank these information sources from
first appreciated to second and third. Thus, to define the most accepted sources, ranking
must be considered. For this purpose, in the column "in order", accepted information
sources in the first place was multiplied by three and in second place by two and in
third place by one.
Newspaper is the most chosen information source. However, in the first place,
transit users would like to reach information about transit service from cell phone. And
non-transit users from newspapers.
5.7 Modeling methodology
5.7.1 Background
In some cases, multinomial choice variables are naturally ordered. In this kind
of cases, if the dependent variable takes more than two values, ordered probit model is
appropriate to solve the discrete choice problem. The ordered probit model is a fairly
straight-forward extension of the binary probit model which can be used in cases where
there are multiple and ranked discrete dependent variables. The multinomial logit or
probit model would fail to account for the ordinal nature of the dependent variable. In
addition, the regression model can not be used to solve the problem because if the
responses are coded as 0, 1, 2, 3, 4, or 5, the regression model will assume the
differences between the response 2 and 3 same as the differences between 4 and 5,
however, they are only ordinal ranking.
Aitchison and Silvey (1957), in the field of biometrics, first considered ordered
probit model. They had proposed the model to analyze experiments in which the
responses of subjects of various alternatives are divided into ordinally ranked classes.
Afterwards, the first application of ordered probit model was done in the field of social
sciences by McKelvey and Zavonia (1975). Their idea was to assume the existence of
an underlying continuous latent variable related to a single index of explanatory
variables and an error term and finally to obtain the observed categorical outcome by
discretizing the real line into a finite number of intervals.
In the ordered probit approach, the dependent variable is unobserved and is
expressed as:
V/ = 1, ,JV (5.1)
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Where y* is the dependent variable, fi is the vector of coefficients, x, is the vector of
explanatory variables, and s is the error term, normally distributed with mean zero and
variance one, N[0,l]. The observed ordinal value yh takes on values zero through m
according to the following scheme:
] (5.2)
Where j = 0, ,m. In the equation (5.2) the threshold parameters jus are unknown
parameters to be estimated with coefficients vector fi. In ordered probit modeling, it is
not possible to estimate the coefficients of a constant term and/-/ cut points (thresholds)
inj-category case. In this case, a shift in the constant term cannot be distinguished from
a shift in the cut points. In short, the distribution curve can be shifted in the X-axis, the
value of cut points changes, but, probabilities are kept constant. For that reason, j-2
threshold are estimated in j-category case (Dublin and Rivers, 1988; Greene, 2000).
Thus, in the estimation some threshold values are set as shown; //_j = -oo ,
/iQ = 0 and /im = +oo. In the light of these considerations, the probabilities of each
dependent variable in the normal distribution are as follows:
= p[-co<y*<Mo\
= ?[//0
)U^) (5.3)
and it can be written genetically:
Finally, it can be written for the last category as follows:
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P\y, = ro] =
(5-5)
The log likelihood function for this modeling can be defined as follows:
1=1 y=o
Where Zy is an indicator which equals to 1 if>>/ =j and 0 otherwise, O& =<l>|//y -.
5.7.2 Modeling the survey data
In the survey design as discussed, the satisfaction levels of the respondents were
investigated for the given hypothetical scenarios, which depend on the chosen
information types with its service levels and travel times of the respondents. In the light
of the methodology above, the dependent function is described as follows;
yt =xip + siy + e (5.7)
Where y is the dependent variable, /? and y are the vector of coefficients, xt is the vector
of explanatory variables describing the service levels of information types and s, is the
socioeconomic characteristics of respondent and actual travel time, and s is the error
term, normally distributed N[0,l]. In our study, the dependent variable is collected as
the satisfaction level for the scenario from one to five, the dependent variables are
defined as follows:
y = 7 if y* < 0 (very dissatisfied)
y = 2ifO<y*<jul (dissatisfied)
y = 3if jux<y* < fi2 (neutral)
y = 4\f n2<y* < JU3 (satisfied)
y = 5if //3 < y (very satisfied) (5.8)
Then the probabilities of each satisfaction level can be written as:
,. =l] = <p(-jt,./?)
98
Investigating the Effects ofPublic Transit Information and Its Service Levels
t = 3] =
P\yt =5]= l-O(/,3-*,/?) (5.9)
As defined in the estimation, service levels of information types and socioeconomic
variables with the actual travel times of the respondents were introduced as variables in
the model. The thresholds were estimated in the model. First threshold was fixed to
zero.
5.8 Estimated results
The main objective of this study is to identify the important transportation
information and its service levels. As discussed, 645 data was collected and 493 of
them were classified as transit users. Each respondent were asked to rank the three most
important information types as in the first place, in the second and third places. The
stated preference scenario investigated the satisfaction level of the respondents under
different service levels of chosen information. Actual travel time of the respondent was
added to these scenarios by multiplying a random coefficient, which was defined before.
In the interview, each respondent was asked stated preference scenario for two
times. Survey was designed with two scenarios to obtain more data. However, since
two observations were collected from one respondent to use, these both data sets in the
model without any correction causes some biases. Two observations from one
respondent would have unobserved heterogeneity and this would inflate the t-statistics
of the estimates. There are some methods to solve this problem. On the other hand, we
have collected 493 data from transit users and this data is enough for accurate
estimation. Thus, one observation from each respondent was used in modeling
methodology. If two observations would be used later on, t-statistics and standard
errors would be corrected because of the biases.
The responses for the SP scenarios are altering from very dissatisfied to very
satisfied with a natural ordering. Thus, ordered probit modeling is appropriate to solve
this problem with satisfaction level as the ordered response. Satisfaction levels were
converted to a five scale ranking to use in the estimation. In ordered probit model, the
random error associated with this continuous descriptor was assumed to follow a
normal distribution.
In the ordered probit model there are two sets of parameters; first one is the
threshold parameters, which indicate the cut points on the normal distribution curve,
associated with specific values of the defined explanatory variables. The second
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parameter set, the service levels of each transit information type, represents the effect
of changes in each explanatory variable on the underlying scale.
Table 5.5 Results of the estimated model for transit users with all variables.
Thresholds
T1 (Mt)
T2 (IJ2)
T3 (/J3)
Estimate (t-statistics)
0.5463(20.92)**
0.9476(18.10)**
2.1375(11.24)"
Service level of transit information
Xf Park&ride information (1 if parking is not available, 0 otherwise)
Xi Frequency of service (1 if frequency is 15 min, 0 otherwise.)
X3 Frequency of service (1 if frequency is 20 min, 0 otherwise.)
X4 Frequency of service (1 if frequency is 30 min, 0 otherwise.)
Xs Fare information (1 if fare is 50 YKR., 0 otherwise)
Xe Fare information (1 if fare is 75 YKR., 0 otherwise)
X? Fare information (1 if fare is 100 YKR., 0 otherwise)
Xs Walking time to/from the station (1 if walking time is 5 min., 0 otherwise)
Xg Walking time to/from the station (1 if walking time is 10 min., 0 otherwise)
Xm Walking time to/from the station (1 if walking time is 15 min., 0 otherwise)
Xn Transfer information (1 if 1 transfer is needed, 0 otherwise)
X12 Transfer information (1 if 2 transfer is needed, 0 otherwise)
X13 Transfer information (1 if 3 transfer is needed, 0 otherwise)
Xu Transit route map (1 if transit route map is not available, 0 otherwise)
X15 Operating hours (1 if operating hours is between 6.00 am - midnight, 0 otherwise)
Xis Operating hours (1 if operating hours is between 6.00 am - 2.00 am, 0 otherwise)
Xf7 Operating hours (1 if operating hours is 24 hours, 0 otherwise)
Xis Waiting times at the stops (1 if waiting time is 15 min., 0 otherwise)
X19 Waiting times at the stops (1 if waiting time is 20 min., 0 otherwise)
X20 Waiting times at the stops (1 if waiting time is 30 min., 0 otherwise)
X21 Seat availability (1 if 50% seat is available in the coming transit, 0 otherwise)
X22 Seat availability (1 if 75% seat is available in the coming transit, 0 otherwise)
X23 Seat availability (1 if 100% seat is available in the coming transit, 0 otherwise)
X24 Distance of the stop to the resident of the respondent (1 if 500m, 0 otherwise)
X?5 Distance of the stop to the resident of the respondent (1 if 750m, 0 otherwise)
X26 Distance of the station to the resident of the respondent (1 if 1000m, 0 otherwise)
0.3561 (1.27)
0.1308(0.98)
0.0375(0.25)
-0.5468 (-3.03)**
0.3525(2.18)**
0.1235(0.85)
-0.2622 (-1.23)
-0.1383 (-0.61)
0.0497(0.15)
-0.2435 (-0.57)
-0.1811 (-0.70)
-0.5339 (-2.41)**
-0.9835 (-2.45)**
-0.1754 (-1.07)
0.2113(1.21)
0.2871(1.60)*
0.8986(4.16)**
-0.0517 (-0.32)
-0.2523 (-1.47)*
-0.8718 (-3.69)**
-0.3811 (-1.62)*
-0.0416 (-0.19)
-0.1943 (-0.74)
0.0831 (0.46)
-0.1085 (-0.54)
-1.3014 (-3.44)**
Socioeconomic characteristics
Si Actual travel time of the respondent -0.0015 (-0.60)
S2 Gender (1 if male, 0 otherwise) 0.0189(0.18)
S3 Age (1 if younger than 40 years old, 0 otherwise) -0.0489 (-0.40)
S4 Income (1 if lower than 1,000 YTL, 0 otherwise) 0.4528(3.88)'
$5 Education level (1 if less than high school, 0 otherwise) 0.1748(1.48)*
Se Having a car (1 if respondent has no car, 0 otherwise) 0.2742(2.30)'
S7 Flexibility of work starting time (1 if there is no flexibility, 0 otherwise) 0.0763(0.69)
Number of samples 487
Log likelihood at convergence -693.504
LRI 0.000
0.10 significant ** 0.05 significant
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In the model, explanatory variables were considered in two groups; service
levels of each information type and socioeconomic variables with travel time of the
respondent. In the model, all service levels were defined as dummy variables.
Socioeconomic variables were also defined as dummy variables after combining some
characteristics into significant and appropriate groups. Travel times of the respondents
were used as they were presented in the scenario (not dummy variable). Many
modeling attempts were done and a model with 36 parameters was estimated. In this
model, three of the estimated parameters were assigned to threshold values, one for
travel time and seven for socioeconomic variables. Ten information types were divided
into 26 dummy variables by considering the service levels. Estimated model is
indicated in Table 5.5 for transit users.
In the model estimation as discussed in the modeling approach, three thresholds
were estimated; the first threshold was set to zero. The model results show that 7 of the
presented 10 information types has an effect on the satisfaction level. All these
information types have at least one service level considered as significant for the
satisfaction level of the respondents. Some of the information types have more than one
significant service level considered by respondents. When the socioeconomic
T1
T2
T3
Table 5.6 Estimated
Thresholds
QJ3)
model results with significant variables for transit users.
Estimate (t-stab'stics)
0.5384(21.37)"
0.9335(18.21)"
2.1044(1170)"
Service level of transit information
X< Frequency of service (1 if frequency is 30 min, 0 otherwise.)
Xs Fare information (1 if fare is 50 YKR., 0 otherwise)
Xt2 Transfer information (1 if 2 transfer is needed, 0 otherwise)
X« Transfer information (1 if 3 transfer is needed, 0 otherwise)
Xi6 Operating hours (1 if operating hours is between 6.00 am- 2.00 am, 0 otherwise)
Xu Operating hours (1 if operating hours is 24 hours, 0 otherwise)
X19 Waiting times at the stops (1 if waiting time is 20 min., 0 otherwise)
X20 Waiting times at the stops (1 if waiting time is 30 min., 0 otherwise)
X21 Seat availability (1 if 50% seat is available in the coming transit, 0 otherwise)
X26 Distance of the station to the resident of the respondent (1 if 1000m, 0 otherwise)
-0.5931 (-3.64)"
0.3428(225)"
-0.5397 (-2.52)"
-0.9719 (-2.46)M
0.3076(1.73)"
0.8664(4.34)"
-0.2520 (-1.56)'
-0.8536 (-3.80)"
-0.3898 (-1.78)"
-1.3357 (-3.61)"
Socioeconomic characteristics
S4 Income (1 if lower than 1,000 YTL, 0 otherwise)
Ss Education level (1 if less than high school, 0 otherwise)
Se Having a car (1 if respondent has no car, 0 otherwise)
Number of samples
Log likelihood at convergence
LRI
0.4177(4.00)"
0.1763(1.76)"
0.2918(3.25)"
487
-700.250
0.000
0.10 significant " 0.05 significant
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characteristics are considered, if they have an effect on the satisfaction of respondents
from the given scenario, three socioeconomic characters were significant. However,
travel time was not significant in this model. The final model was estimated by
considering these significant variables in the estimated model. The results of this model
are indicated in Table 5.6.
In the final model, only 20-minute waiting time is 90% level significant and all
the other variables in the model are 95% significant. In the model, 20-minute waiting
time at the stop/station decreases the satisfaction level of the respondent but this
variable is not very significant. However, under same transit information 30-minutes
waiting time is very significant and decreases the satisfaction level more than three
times compared to 20-minutes waiting.
Low transit fare (50 YKR) increases the satisfaction. This is clear that most of
the transit users have budget concerns. Information about number of transfers was
considered as important information. If work or school trip is completed with two
transfers, this service level decreases the satisfaction from the transit. Three transfers
also decreases the satisfaction and its effect is more than two transfers.
Frequency of service is another important information. If the frequency is 30
minutes, this service level also decreases the satisfaction level of the respondents. 30
minutes frequency decreases the satisfaction level significantly. Distance between the
resident of the respondent and stop/station is considered as important information as
well. If the walking distance is 1000m, satisfaction from the service decreases and it is
also very significant.
Information about operating hours is another important information considered
by respondents. Service level of operating hour between 6.00 am to 2.00 am increases
the satisfaction level from the transit service. More significant service level is 24 hours
operating service. This information increases the satisfaction level from the service and
very significant. Seat availability also considered as significant, only 50% availability
of seat was considered as significant and decreases the satisfaction from the transit
service.
In the interview, ten types of information were provided to the respondent and
due to the stated preference scenario with different service levels, seven of them have
an effect on the satisfaction level of the transit users from the transit service. These
seven information types have at least one-service level considered 95% significant,
these are:
• Frequency of service.
• Fare information.
• Transfer information.
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• Operating hours.
• Information about waiting times at the stop/station.
• Seat availability.
• Distance between the stop/station and respondents' house.
When the effects of socioeconomic characters of the respondents are
investigated on the satisfaction level of transit service, most significant one is income
dummy variable. Low income decreases the satisfaction level from the service. People
with low-income level have low life standards and their expectations from the comfort
and service quality is low. Not having a car is another significant socioeconomic
variable. These users do not have any other alternative than the transit, thus, they
cannot compare service quality of transit with car. If the respondent has not a car
available, this increases the satisfaction with the transit service. Respondent who has
car is used to the comfort of car thus, his/her expectation is high.
Education is also significant variable in the model. Satisfaction of the people
from the transit service who has low education level is higher. Low level of education
is related with low level of income and low level of life standard. Thus, effects of low-
income level and education levels are similar.
The transit service in Izmir City has five different modes as discussed. The
quality of these modes are not similar. Local train service is not a common transit mode
for intra-city commuting. Only two respondents answered that they use this mode in
daily commute or school trips. Thus, this mode was not considered in the estimations.
Subway and boats on the bay have more comfortable service than bus and dolmus
modes. In addition, subway and boats has reliable and fast service. For subway and
boat users some of the transit information listed in the survey are available, such as:
• Information about how often transit vehicles run.
• Fare information.
• Information about transfers, and transfer locations.
• Transit route map.
• Information about operating hours.
• Information about waiting times (for subway).
• Information about station locations
However for bus and dolmus service only available information types are:
• Fare information.
• Transit route map (only for main bus routes).
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• Information about operating hours (not reliable).
Depending on these differences in the quality of service, responses to hypothetical
scenarios varies among transit users. From this point, we thought that significant
information types for both groups can be different from each other. Thus, two
additional models were estimated separately for subway and boat users and bus and
dolmus users.
5.8.1 Subway and boat users
Two of the five transit modes are different from the others when they are
compared with the available transit information and service quality. Subway and boats
have reliable, fast and more comfortable service if compared with others. For these two
modes, some of the transit information is available, through internet, local newspapers,
and billboards at the stations and handout schedules. Especially, differences in the
service quality and high travel time savings attract different socioeconomic groups as
subway and boat users. Thus, expectations from the service and satisfaction levels of
subway and bus users have some differences from other transit users. Same model
structure as defined was estimated for these two modes separately. The final and
significant model is indicated in Table 5.7.
Table 5.7 Results of the estimated model for subway and boat users.
Thresholds
T1 M
T2 fa)
T3 (A/3)
Estimate (t-statistics)
0.6106(10.06)**
1.2841(10.73)M
2.7213(5.57)**
Service level of transit information
X* Frequency of service (1 if frequency is 30 min, 0 otherwise.)
X5 Fare information (1 if fare is 50 YKR., 0 otherwise)
Xs Fare information (1 if fare is 75 YKR., 0 otherwise)
X13 Transfer information (1 if 3 transfer is needed, 0 otherwise)
X15 Operating hours (1 if operating hours is between 6.00 am - midnight, 0 otherwise)
Xu Operating hours (1 if operating hours is 24 hours, 0 otherwise)
X19 Waiting times at the stops (1 if waiting time is 20 min., 0 otherwise)
X21 Seat availability (1 if 50% seat is available in the coming transit, 0 otherwise)
X22 Seat availability (1 if 75% seat is available in the coming transit, 0 otherwise)
X24 Distance of the stop to the resident of the respondent (1 if 500m, 0 otherwise)
-0.8103 (-1.99)"
0.8279(2.50)-
0.6739(1.90)**
-1.7420 (-1.01)
0.8254(2.17)**
2.0874(1.90)**
-0.4924 (-1.56)*
-0.4751 (-1.30)
-0.9251 (-1.51)*
-0.4347 (-1.30)
Socioeconomic characteristics
Si Actual travel time of the respondent
Ss Education level (1 if less than high school, 0 otherwise)
Number of samples
Log likelihood at convergence
LRI
0.0164(2.50)**
0.4408(2.10)**
113
-149.997
0.000
0.10 significant " 0.05 significant
104
Investigating the Effects ofPublic Transit Information and Its Service Levels
In the estimated model above the signs of all significant variables are correct.
Travel time and education are the only two significant variables among the
socioeconomic characters and travel time. Generally, subway and boat are fast transit
modes and users of both modes consider travel time more than other modes. Subway
and boat users consider three transit information types with five service levels
significant (more than 95% significance level). These information types are:
• Information about how often transit vehicles run.
• Fare information.
• Information about operating hours.
5.8.2 Bus and dolmus users
Bus and dolmus users were considered in another group among transit users. The
biggest share of the transit users belong to this group. Depending on our survey, 73% of
the all transit passengers use even bus or dolmus as a commute mode. Nevertheless,
they do not have enough transit information available. Same as the other estimated
models, finally, most significant estimated model for bus and dolmus users is indicated
in Table 5.8.
Table 5.8 Results of the estimated model for bus and dolmus users.
Thresholds Estimate (t-statistics)
I? (Hi 0.5330(16.61)'
T2 0.8726(13.50)*
T3 2.0027(9.00)*
Service level of transit information
Xi Frequency of service (1 if frequency is 30 min, 0 otherwise.)
Xe Walking time to/from the station (1 if walking time is 5 min., 0 otherwise)
Xft Transfer information (1 if 1 transfer is needed, 0 otherwise)
X13 Transfer information (1 if 3 transfer is needed, 0 otherwise)
X16 Operating hours (1 if operating hours is between 6.00 am- 2.00 am, 0 otherwise)
X17 Operating hours (1 if operating hours is 24 hours, 0 otherwise)
Xx Waiting times at the stops (1 if waiting time is 30 min., 0 otherwise)
X?6 Distance of the station to the resident of the respondent (1 if 1000m, 0 otherwise)
-0.6069 (-3.13)**
0.4713(1.65)*
-0.7839 (-2.38)**
-1.0025 (-2.20)**
0.3159(1.51)*
0.5446(2.27)**
-1.0708 (-3.51)**
-1.1930 (-2.46)**
Socioeconomic characteristics
Si Actual travel time of the respondent
S4 Income (1 if lower than 1,000 YTL, 0 otherwise)
S5 Education level (1 if less than high school, 0 otherwise)
S6 Having a car (1 if respondent has no car, 0 otherwise)
Number of samples
Log likelihood at convergence
LRI
-0.0043 (-1.55)*
0.3727J2.78}**
0.1963(1.45)*
0.4684(3.70)**
308
-442.058
0.000
0.10 significant " 0.05 significant
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In the estimation, travel time and education level are 90% significant. Income and
having car dummy variables are 95% significant. Having a car dummy variable is very
significant in this estimation, however, it was not in the previous model (subway and
boat). For the subway and boat users the car ownership rate is high, people prefer these
modes because they are as fast as car mode (sometimes faster) and comfortable.
However, this is not the case for bus and dolmus users usually they have no choice
except using these modes because they do not have car. In the model five information
types were considered significant (95% significance level) with six service levels.
These information types are:
• Information about how often transit vehicles run.
• Information about transfers, and transfer locations
• Information about operating hours.
• Information about waiting times.
• Information about station locations.
5.9 Conclusion
This study depends on the data collected by face-to-face interviews in Izmir
City, Turkey. The effects of information about the transit service on the satisfaction of
the transit users were investigated. A stated preference scenario was prepared
considering the actual travel time of the respondent and chosen most important three
information items. In addition, the socioeconomic characteristics of the transit and non-
transit users were investigated, and considered information sources by the respondents
were identified.
The differences between the transit and non-transit users were investigated. As a
result, old age (over 40) and high-income level (more than 1,000 YTL) that brings high
levels of car ownership are the main factors, which defines non-transit users. Three
significant factors between transit and non-transit users are; age, high income and car
ownership. In addition, gender can be considered as another important factor.
Ordered probit modeling was used for the modeling approach. Finally, three
models were considered for transit users. First model was estimated for all transit users.
Then, two other models were estimated by separating transit users into two segments.
There are some significant differences among the transit modes. Subway and boats
have more reliable, fast and comfortable service with some available transit information.
On the other hand bus and dolmus modes do not have reliable and comfortable service.
They are crowded and they do not have on time service. In addition, bus and dolmus
modes have a little transit information not far from some route maps, and information
about operating hours. Depending on the differences in different modes expectations
from the service and characteristics of transit users are different. Thus, they were
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divided into two segments; subway and boat users in segment 1, bus and dolmus users
in segment 2. Two other models were estimated for these segments, separately.
Seven information with the service levels were considered as significant (95%
level of significance) among presented ten information categories for transit users. Each
information and their service levels have different effects on the satisfaction level of the
transit users. Significant transit information's and their significant service levels which
effects the satisfaction levels of the transit users in positive or negative way are
presented in Table 5.9.
Table 5.9 Significant information
All transit users
Information Type
Frequency of service
Fare
Number of transfers
Number of transfers
Operating hours
Operating hours
Waiting times at the stop
Seat availability
Station location
7 information types
Service level
30 min.
50YKR
2
3
6.00-2.00
24 hours
30 min.
50%
1000m
9 service
levels
types and service levels.
Segment 1 (Subway and boat users)
Information Type
Frequency of service
Fare
Fare
Operating hours
Operating hours
3 information types
Service level
30 min.
50YKR
75YKR
6.00-24.00
24 hours
5 service
levels
Segment 2 (Bus and dolmus users)
Information Type
Frequency of service
Number of transfers
Number of transfers
Operating hours
Operating hours
Waiting times at the stop
Station location
5 information types
Service level
30 min.
1
3
6.00-24.00
24 hours
30 min.
1000m
7 service
levels
Subway and boat users considered three information types with five service
levels as significant (95% significance level). Bus and dolmus users considered five
information types with seven service levels. Two of the considered information types
are same among the segments. Different from segment 2, segment 1 considers
information about fare as significant. However, for segment 2 waiting times and station
locations are important information types, because there is no available such
information for bus and dolmus modes. In addition, number of transfers is another
important variable that transfer information is not available and transfers are
uncomfortable for bus and dolmus users.
The most significant socioeconomic factors for transit users that affect the
satisfaction level are; income and education levels. In addition having a car is another
important variable. Socioeconomic variables also vary among segments. Education
level is significant for segment 1 with travel time (95% significance level). For segment
2, income and having a car are 95% significant factors with travel time.
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Table 5.10 Probabilities in the ordered probit model.
All users
Segment 1 (Subway, boat)
Segment 2(Bus, dolmus)
Very
dissatisfied
49%
24%
47%
dissatisfied
21%
22%
21%
Neutral
12%
26%
11%
Satisfied
16%
26%
18%
Very
satisfied
2%
2%
3%
The probabilities calculated from the area between the thresholds in the ordered
probit model are significantly different among segments. The probabilities are indicated
in Table 5.10 for estimated final three models. Especially, the probability for very
dissatisfied answer for the hypothetical scenario is different. For segment 2 probability
of choosing very dissatisfied is very high if compared with same probability for
segment 1 .Probably the current service levels affect the responses for questions. This
result can be attributed to low service quality of bus and dolmus modes. More
comfortable transit mode users (segment 1) are more likely to satisfy from the transit
with available information.
The most accepted information sources are investigated. Transit users would
like to reach transit information in the first place from their cell phones and non-transit
users from newspapers. In addition, cell phone is second considered information source
for non-transit users and internet for transit users.
This study shows that people would like to be informed about the service levels
of transit and the levels of this information affect their satisfaction by transit service.
Transit information systems have a promising effect to improve the service quality of
transit service. They provide improvements for two different groups of individuals.
First one is for the transit users by improving their satisfaction and service levels.
Mostly young population uses transit in Turkey. When they have economic
independence and can afford a car, they can quickly change their mode. Thus, it is
important to improve service of transit to compete with car mode. Second group is non-
transit users. To solve many problems such as traffic congestion, air pollution caused
by exhaust gases etc., it is important to attract non-transit users to use transit instead of
car.
A little effort and with small budgets at least some of the static transit
information can be provided for the users and the positive effects of this information
would be more than expected.
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6. CONCLUSIONS
In this study, we have investigated the affects of information on transportation.
Recently, information and information technologies has become a tremendous part of
transportation. High infrastructure costs and rapid increasing of motorization force
governments and transportation agencies to use available infrastructure in an efficient
way. We have investigated the effects of information on transportation with two
different case studies. First case study was conducted in Kumamoto City, Japan. In
Kumamoto City, effects of expressway toll information was investigated. Second case
study was from another city also in another country. Effects of public transit
information on the satisfaction oftransit users were investigated in Izmir City, Turkey.
First case study includes many surveys and the effects of discounted toll were
investigated from different perspectives. Thus, in this dissertation we had discussed
first case study in three chapters.
In Chapter 2, a route choice model was studied with the information of
discounted toll. A route choice model, which has ordinary road and expressway
alternatives, were considered. This case study mainly examines the trip behavior of
freight and production companies. Route choices of considered companies were
investigated by combining RP and SP types of data. Combining the RP and SP data
take advantage of both data types while minimizing the disadvantages and weakness of
each. RP data has the power to present the actual route choice decisions of companies
while SP data helps to clarify respondents' willingness to pay for new discount rates on
expressway toll. However, RP data cannot be used for a new policy implementation, it
is expensive and difficult to collect big RP data sets. In contrast, SP data has some
biases and does not represent the real conditions.
Modeling approach was done in four steps. Finally, combined RP/SP models
were estimated. A nested logit model structure was proposed to estimate the route
choice decisions of freight and production companies by combining RP and SP data
types. The final model structure was estimated as a nested structure by considering
three alternatives; ordinary road (RP), expressway (RP) and expressway (SP).
Expressway (RP) and expressway (SP) alternatives were separated to a nest with the
nest parameter (7/1). Expressway (SP) alternatives were multiplied by scale parameter
ju, separately from expressway (RP) in the same nest.
From the viewpoint of t-statistics of the estimated variables and p2 values of
estimated models, combined RP/SP model is the best model to represent the route
choice decisions of evaluated companies. In addition, linear combined model is more
significant than the non-linear model from the view point of t-statistics. In the route
choice models, most of the expressway users were production companies. Freight
companies are usually ordinary road users because of their budget limitations.
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In Chapter 3, VOT as an important value to evaluate transportation projects was
reviewed. To evaluate the estimated models, VOT calculated for each model were
compared to each other. Proposed combined RP/SP model was estimated as a non
linear function to investigate the variation on VOT. VOT is assumed to be a constant
value. However, recent research efforts investigated the variation on VOT depending
on different factors. The variation of VOT with some socioeconomic characteristics of
respondents was investigated separately. Our finding showed that VOT decreases with
increasing travel time in estimated four non-linear models for the trips inside the
prefecture.
Estimated values for production companies are higher than those of freight
companies. This could be attributed that most of the production companies are
expressway users and their travel costs are higher. VOT for 30 minutes travel time is
around 26 JPY/min. and 47 JPY/min. for freight and production companies,
respectively. These values reduce to 19 JPY/min. and 39 JPY/min. for 60 minutes
travel time for freight and production companies, respectively. In addition, company
size has an effect on VOT. Number of employee working in the company and number
of total vehicles owned by the company were introduced as an indicator of company
size. Results support that big companies use expressway more than small companies
and their calculated VOT is higher. This result shows that for small companies with
smaller budgets high express cost is not affordable for all business trips.
Estimated VOTs show that VOT is sensitive to how the model estimated and
which variables are considered. Estimated VOTs are lower when they are compared
with the values that are used in assessing benefit of travel time saving in Japan roads.
Our values are similar with the values estimated by researchers in different parts of
Japan. We found that VOT decrease with increasing travel time for shorter trip
distances (intra city trip) for business trips. Most of the studies stated increasing VOT
with increasing travel time for longer distances. Long and short trips (intra city trips)
have different characteristics. In the trips inside the prefecture, VOT decreases with
increasing travel time for considered companies.
In Chapter 4, conducted two route choice experiments were discussed. In both
experiments, 50% discount was applied to certain parts of expressway. Effects of each
experiment were investigated by traffic counts and questionnaire surveys. Results
showed that during the RCEs biggest portion in the trip purpose was commute trips,
second and third are business and transportation trips, respectively. During the
experiments traffic volume increased on the expressway. In first experiment, traffic
volume increased around 60% and in the second experiment it increased around 43%.
Depending on the increase on the expressway, traffic volume and travel times
decreased on the alternative ordinary roads.
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Conclusions
Using the actual route choice decision of considered companies, the reliability
of the proposed combined RP/SP model structure was tested. The results showed that
hit ratio of the proposed model to estimate the route choice decisions of companies
under discounted toll conditions are 72% for RCE 1 and 78% for RCE 2. These results
showed that proposed model could represent and estimate the future demand under
discounted conditions with a promising accuracy, while many other uncountable factors
affect this decision. In addition, our model over estimated the conversion. Thus, by
time some other users can convert to use expressway. This can increase the estimation
accuracy of our proposed model. Business trips were investigated and route choice
decisions of companies can take some time because, sometimes route choice is not only
the drivers' decision but the companies'.
Transferability of the proposed model was tested by using nested likelihood
ratio test. Three pooled data were created; data from pre-estimation and RCE 1 as first
pooled data, data from pre-estimation and RCE 2 as second pooled data and finally all
three data as third pooled data. Transferability of the model with pre-estimation
conditions was tested under three pooled data to create a more efficient data set and to
test the model under actual conditions. Proposed model with pre-estimation conditions
were found to be transferable to the actual conditions during the experiments. The best
results were gained with second pooled data. This means pre-estimated model
represents the conditions during the second experiment more accurately. Verification
results were estimated to be better with RCE 2. Both verification and transferability test
results are parallel. RCE 2 that covers the longer distance was more effective because
the proposed model considered the trips inside Kumamoto Prefecture and second
experiment was more appropriate to cover all the trips inside the prefecture.
In Chapter 5, the second case study was discussed. In this chapter, the effects of
transit information and its service levels were investigated. Study was conducted in
Izmir City, which is the third biggest city in Turkey. Mainly, study focused on the
effects of information on transit service. Survey results showed that 76% of the
commute and school trips were done by public transit in Izmir City. In the study, first,
the differences between the transit users and non-transit users were investigated. It is
found that some socioeconomic factors are significant in this decision such as income,
age, and car ownership.
Another finding of the survey is that people would like to reach transit
information from their cell phones in the first place. Now it is common that almost
every adult has a cell phone even if the income level is low. Newspaper is the second
most considered tool as an information source.
In the survey, ten transit information types were presented with their service
levels in hypothetical scenarios. Satisfaction levels of transit users were investigated
with given information. An ordered probit model was estimated for this purpose.
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Chapter 6
Results showed that frequency of the service, fare information, number of transfers
needed, operating hours of service, information about station location, waiting times at
the stations and information about seat availability are the significant information
categories for transit users. In addition, effects of some socioeconomic characters were
investigated in the model. Income, education level and car ownership are the most
important factors that affect the satisfaction level from the transit service among transit
users.
Transit modes have some significant differences from the view point of service
quality and available transit information. Thus, transit modes are divided into two
segments. Local train service is not considered in this segmentation because it is not
used as a common transit mode. Subway and boats are divided into a segment which
have high service quality. Bus and dolmus modes are combined in another segment,
which have poor service quality. Another two models were estimated for these two
segments same as the first estimated model for all transit users.. Results showed that
considered information types have differences between segments. Subway and boat
users consider frequency of service, fare, and operating hours as significant (95%)
information types with five service levels. Bus and dolmus users consider five
information types; frequency of service, number of transfers, operating hours, waiting
times at the stop and station location as significant information types with seven service
levels.
Socioeconomic variables also vary among segments. Education level is
significant for subway and boat modes with travel time (95% significance level). For
bus and dolmus modes, income and having a car are 95% significant factors with travel
time. The probabilities calculated from the area between the thresholds in the ordered
probit model are significantly different among segments. The probability for the very
dissatisfied answer for the hypothetical scenario is significantly different. Probably the
current service levels affects the responses for questions. Bus and dolmus users
consider their transit mode, which is not comfortable and unreliable when answering
the questions. More comfortable transit mode users (subway and boat) are more likely
to satisfy from the transit with available information.
This dissertation investigates the effects of information on transportation with
two different case studies in two different countries. Results of the both case studies
proved that information has a significant effect for the effective usage of current
transportation network and systems.
Combining RP and SP type data in a model increases the effectiveness of the
model. However, the model design is a challenge; appropriate model structure must be
chosen. Another important point is the SP design. SP scenarios must represent the
implemented policy change for an effective estimation.
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Conclusions
As the route choice decision is a complex process affected by many factors,
such as; economic, psychological etc., to improve the estimation, it would be better to
estimate some significant socioeconomic factors such as budgets of the companies in
this case study. Also for further studies the route choice decision of some other trip
purposes such as commute trips can be estimated to see the picture in more detail.
Another aim for further studies is to estimate VOT and its variation depending
not only on the company type but also on the type and value of cargo. Especially, VOT
in freight can be studied in more detail. Which unit is better to estimate VOT per
vehicle, m3, ton, etc.?
Applying information and related technologies to public transit systems has
promising results for the effective usage of transit network. Information and related
technologies are usually considered in developed countries, which already established
transit infrastructure. Applications of such systems in developing countries are very few.
However, with small funds, effective improvements can be done in transit service by
transit information systems.
For further studies more detailed information types can be studied for mode
choice decision. Thus, the effective factors which users do not consider transit as an
alternative commute mode can be identified more clearly.
Development on information technologies and increasing education levels all
over the world makes information more powerful and effective tool in transportation.
Providing information improves the quality of service and comfort level of users.
However, information must be reliable and updated. Otherwise, information would lose
its power and it would be meaningless.
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APPENDIX
Questionnaire for commuters at Izmir City
Part A (questions about personal and socio-economic characteristics)
1. Gender
(l)male (2) female
2. Age
(1)-18 (2)19-39 (3)40-65 (4)65-
3. Income
(1) 500 YTL and under (2) 500 YTL-1.000 YTL
(3) 1.000YTL-2.000 YTL (4) 2.000 YTL and over
4. Education Level
(1) Elementary S. (2) Junior High S. (3) High S.
(4) Undergraduate (5) Graduate (6) Master of science
5. Occupation
(1) Student (2) Government Officer
(3) Unemployment, looking for job (4) Own Job
(5) Private Company worker (6) Housewife
6. Carpool
(l)Yes (2) No
7. Having a car
(l)Yes (2) No
(3) Sometimes(We have one at home and use by turn)
8. Commute time
X: min
9. Flexibility of work starting time
(1) No (2) 15 min (3) 30 min (4) 1 hour
10. Commute to multiple locations
(l)Yes (2) No
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Part B (Transit user or not)
Are you a transit user?
"Have you used transit at least once in last 7 days as a commuter/school trip?"
Ifanswer is Yes:
1. Which transit mode are you using mainly in your commute/school trip?
(1) Subway (2) Bus (3) Ship (4) train (5) Dolmus
2. Are you satisfied with actual transit conditions, please choose which describes your
satisfaction level.
(1) (2) (3) (4) (5)
Very dissatisfied dissatisfied neutral satisfied very satisfied
3. From which sources do you want to get Advanced Transit Information (fare,
schedule, frequency etc.) please choose tree of them in order
□ Radio D TV □ Internet □ Newspaper □ Cell phone
4. Does transit information have an effect on your willingness to use transit? Please
rank the three most important information types from most important to second and
third:
• Park & Ride information.
• Information about how often transit vehicles run.
• Fare information.
• Information about walking time to/from the station.
• Information about transfers, and transfer locations.
• Transit route map.
• Information about operating hours.
• Information about waiting times.
• Information about seat availability.
• Information about station locations.
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I. Scenario: We prepare a scenario for you depending on your travel time and your
answers about information types:
Your travel time is
1. choice
2. choice
3. choice
Minutes Service level
Under listed conditions above, please rank, how likely would you be to use public transit
as a commute method? Please choose your satisfaction level from the list.
0) (2) (3) (4) (5)
Very dissatisfied dissatisfied neutral satisfied very satisfied
2. Scenario: We prepare a scenario for you depending on your travel time and your
answers about information types:
Your travel time is
1. choice
2. choice
3. choice
Minutes Service level
Under listed conditions above please rank, how likely would you be to use public transit as
a commute method? Please choose your satisfaction level from the list.
(1)
Very dissatisfied
Ifthe answer is No:
(2)
dissatisfied
(3)
neutral
(4)
satisfied
(5)
very satisfied
If you have more information might you consider transit as an alternative commute
mode at least once in a week?
Ifthe answer is No: FINISH
Ifthe answer is Yes:
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1.1 am going to list you some transit information that you might need in order to
consider public transit as an alternative commute mode. Please rank the three most
important information types from most important to second and third:
• Park & Ride information.
• Information about how often transit vehicles run.
• Fare information.
• Information about walking time to/from the station.
• Information about transfers, and transfer locations.
• Transit route map.
• Information about operating hours.
• Information about waiting times.
• Information about seat availability.
• Information about station locations.
3. Which transit modes would you like to use in your commute/school trip?
(1) Subway (2) Bus (3) Ship (4) train (5)Dolmus
L Scenario: We prepare a scenario for you depending on your travel time and your
answers about information types:
Your travel time is
1. choice
2. choice
3. choice
Minutes Service level
Under listed conditions above please rank, how likely would you be to use public transit as
a commute method at least one day in a week? Please choose your satisfaction level from
the list.
(1)
Very dissatisfied
(2)
dissatisfied
(3)
neutral
(4)
satisfied
(5)
very satisfied
128
2. Scenario: We prepare a scenario for you depending on your travel time and your
answers about information types:
Your travel time is
1. choice
2. choice
3. choice
Minutes Service level
Under listed conditions above please rank, how likely would you be to use public transit as
a commute method at least one day in a week? Please choose your satisfaction level from
the list.
(1)
Very dissatisfied
(2)
dissatisfied
(3)
neutral
(4)
satisfied
(5)
very satisfied
4. From which sources do you want to get Advanced Transit Information (fare,
schedule, frequency etc.) please choose tree of them in order.
□ Radio Tv □ Internet □ Newspaper D Cell phone
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Service Levels of Information Types
1. Park & Ride information
(1) there is a park & ride lot at the transit station.
(2) there is not apark & ride lot at the transit station.
2. Frequency ofservice (Transit service would run every duringyour regular
commute hours,)
(1) 10 minutes (2) 15 minutes
(3) 20 minutes (4) 30 minutes
3. Fare (The transitfarefromyour home to get to work or school is per ride.)
(1) 37.5 YKR (2) 50 YKR
(3) 75 YKR (4) 1 YTL
4. Walking time to transit stop or station (The average walking time to orfrom the
transit stop or station is)
(1) 3 minutes (2) 5 minutes
(3) 10 minutes (4) 15 minutes
5. Transfers ( transfers) is/are needed to get to your work or schoolplace (andyou
know how and where)
(1) No (2) One (3) Two (4) Three
6. Transit route/line
(1) Available (2) Not available
7. Operating hours (The operating hours of transit service is)
(1) 6:30am-8pm (2) 6:00 am-midnight
(3) 6:00 am-2:00 am (4) 24 hours
8. Waiting time (The average waiting time for transit vehicles is)
(1) 10 minutes (2) 15 minutes
(3) 20 minutes (4) 30 minutes
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9. Seat availability
(1) 25% (2) 50%
(3) 75% (4) available all the time
10. Station locations (There is a station near your house)
(1) 250 m (2) 500 m
(3) 750m (4) 1km
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